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V IDENTIFIERS 
ABSTRACT 

This pamphlet is the eig|ith iil^yfe se^^ of nine 
discussing the Apdllo-iSOyuz mission and expekil||||its. This set is 
designed as a curriaulum supplement for high school anid college v 
teachers, supelrvisors, curriculum specialists, textbook writers, and ^ 
the general public. T^ese booklets provide sources of ideas, examples 
of the ^scientific? method, references to standard textbooks, and 
descr.iptipns of space experiments. There are numerous ^illustrations^ 
as well as questions for discussion (with answers) and' a glossary of 
terms. Ti^is booklet discusses the value of several selected space ^ 
technologies, the behavior of liquids in zero^-g, high- temperature ' 
processing pf metals and salts in zero-g, and the growth of large ^ 
nearly perfect cryystal^ in zero-g. (MAJ 
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The Apollo-Soyuz Test Project (ASTiP), which flew in Jull 1975, arou^^^^ 
considerable public interest; first, because the ^pace rivals of the late 195Q's « 
ancl 1960's were working together in a joint endeavor, and second, . because • 
their mutuaJ efforts included devdoping a space rescue sy$tein. The '^S^P 
also included significant scic^ptific experiments, the resultsf of which can.be 
used in teaching biology, pffysics, and mathematics in schools and colleges. 

This series of pamphlets discussing the Apollo-Soyuz n|ission and exp<eri- 
trfents is a set of curriculum supplement^ designed for teachers, supervisors, 
curriculum specialists, and textboolc writers as well as for/the general public. 
Neither textbooks nor courses of study, these pamphlets 'are i(itended^ 
provide a rich source of ideas, exaniples of the scientif|C,lmetl^od,: pertinent 
references to standard textbooks, and clear descriptions c»f s^ace experiments. 
In a sense, they may be regasded as a pioneering fohii ojFteaching aid. Seldom 
has there, been such, a forthright effort to provide; /directly to teachcfs, 
curriculum-relevant reports of cun'ent"sciehtific;;>«^sc^^^ High school 
teachers who reviewed the text^ suggested that a^yalnced stu^ who are 
ii\terested might be assigned to study one pamphlet add report on it to the^st 
of the class. After ;class discussion, students 'migM be assigned (without 
access to thfe pamphlet) one or mbre'bf the **Questi<^ns for Discussion" for. 
formal or informar answers, thus stressing the application of what wa& 
previously covered in the pamphlets. ' ' . 

The authors of these pamphlets are Pn Lou Williams Page, d geologist, and. 
Dr. Thornton Page, an astronomer. Both have taugljt science at several - 
universities and have published 14 books on. science for schools, colleges, an^l 
the., general reader, including a recent one on space science. > 
* Technical assistance to the Pagea was provided by the Apollo-Soyuz 
Program Scientist, Dr. R. Thomas Giuli, ahd> by Richard R/'Baldwin, ' 
W. Wilson Lauderdale, and Susan N*. Montgomery, members of the group at 
the NASA Lyndon B. Johnson Space Center in Houston which organized tho * 
scientists' participation in the ASTPand published their reports of experimeh-' 
tal results. " 

Selected teachers from'highschoolsand universities throughout the United ; 
States reviewed the paijiphlets in draft ^rm. They suggested changes in 
wording, the addition of a glossary of terms unfamiliar to students, ai\d . 
, improvements in diagrams. A list of the teachefs and of the scientific inves* 
tigatojs vA^ reviewed the texts for accuracy follows this Preface. 

this of Apollo-^oyuz pamphlets was initiated and coordinated by Dr. 
Frederick B. Tuttle, Director of Edfucational Programs., aKd was supported by 
the NASA Apollo-Soyuz Program OTfice, by Leland Ji^Casey, Aerospace 
Engineer for ASTP, and by William D. Nixon; Educational Progran^s 
Officer, all of NASA Headguarters in Washington, D.C. 
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. Appreciation is expressed to the scien^fic investigators and teachers wh6 
reviewed the^jdraft pOpies; to the NAS^lspeciali piovided'diagranis 
and photographs; and /to J . Holconib* Headquarters Director of ASTP ' 
operations; and Chester M:. Lee, ASTPj Program Diijbctpr at Headquarters, ' 
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Introductioh 



The yalue of Several Space Technologies^ 

After 4 years of prgparation by thoU.^S. National Aeronautics and Space , 
Administration (NASA) and the U.S.^I.R. Academy «f Sciences, the Apollo 
and Soyuz spacecraft were lauTiched on'July 15,1 9V5 . Two day s later at 1 (5:09 
Greenwich mean time on July 17 , after Apollo maneuvered into the same orbit 
ias Soyuz, the jwo spacecraft were docked, the astronauts and cosmonauts 
then met for the first international han^ake in space, and each crew enter- 
tained the other crew (one at a time) at a^eiil of typical American or Russian 
food. These activities ancl the physics of reaction motors, orbits around the 
Earth, and weightlessness (zero-g) are described' more fully in. Pamphlet I, 
''The Spacecraft, tlieir Orbits, -and DoclOng" (EP-133). 

Thirty-four experiments were performed while Apollo and Soyuz were in 
orbit; 23 by astronauts, 6 by cosmonauts, and 5 jointly . these eiitperiments in 
space were selected from' 161 proposals frofh scientists in nine different 
cpuntries. They are listed by number in Pamphlet I and groups of two or 
more are described in detail in Pamphlets II through IX (EP-134 through 
EP-i41, respectively). Eacltjexperiment was directed by a Principal Inves- 
tigator, assisted by several Co-Investigators, and the detailed scientific results 
have been published by NASA in two reports: the Apollo-Soyuz Test Project 
Preliminary Science Report (I^ASATM X-58 173) and th? Apollo-Soyuz Test 
Project Summary Science Report (NASA SP-412y. The simplified accounts 
' given in these pamphlets haVe been reviewed by the Principal Investigators or 
one.of the Co-Investigators^. 

To most people, space technology means the rockets, thrusters, and control 
jets and the general structure bf spacecraft described In Pamphlet I. Actually,' 
space technology also includes the Earth observations <gravity jmomalies, 
surface features, and atmospheric features) described in Pamphlets IV and V, 
the observations of near-Earth radiation detailed in.Pamphlet Vl, and some of 
the biological and medic^echrfiques coverwi in Pamphlet VII. Future space 
technology will include various surveys of rfie Earth; photography and map- 
ping c^the surface; monitoring of the atmosphere and its aerosols; monitoring 
of cosmic rays, which are affected by the Earth's magnetic fiel^; and elec- 
trophoresis separations ln\zero-g. Several new techniques are expected to be 
developed for chemistry, metallurgy, and sojar power in space. There 'are at 
least five^ifferent space technologies: ''housekeeping," biological and med- 
icaljjchemical, metallurgical, and power. Three of these technologies are 
covered in Sections 2, 3, and 4 of this pamphlet. ^ 




''KoMsekeeping'' Technology' 

During and after the launch cxf Apollo, or Soyuz, orNany other spacecraft^ 
reaction motors are used to push l(nd turn the vehicle (%ee Pamphlet I). This is - 
a basic technology Ifii^^ely developed by the Germans for long-range military, 
missile in World War II. When the spacecraft is'in orbit and no reaction 
motors are b^ing fired, it is^jn th^ condition of free fall or zerb-g,' and 
everything inside the spacecraft is weightless. This weightless condition, 
requires special^esigra/iechnology, such as tether lines, handholds, and 
Velcro anchorjs to keep tools and astronauts at the places where they, are 
needed. One particular problem is the handling of liquids (such as water) in 
tanks. In 2;ero-g, water does not stay at the ** bottom'.' of a partly filled tank. 
For the Apollo-Soyuz mission, several **science dempnstrations" on the 
handling of liquids in zero-g were planned by R. S. Snyder and five Co-- 
Investigators from the. NASA George C. Marshall Space Flight Center 
(MSFC) in Huntsvilt^, Alabama. These demonstrations are described in 
Section 2, . , ' . - * 

■ ■■ . . \ V • ■■■■^ ' \.' . ; 

Biqlb^icial and Medical Technology 

Scientists speculate that some biological processes may take plac^e faster in 
zero-g than in one-g on Earth (although one fuagus carried on Apollo-Soyuz 
grew slower; sec Pamphlet VII). If so,* there may. be a new .technology'to 
produce vaccines and other medicines more efficiently in space. PA Apoilo-r 
Soyuz, the process of "separating cells by electrophoresis was shown to be 
Injbre, precise in-zero-g than in one-g on the ground (Pamphlet Vllj, This 
discovery could lead to at least one important space technique that would 
acceJerate the pi'oduction of urokinase fpr the^ victims of heart disease and 
other conditipns. ' i • 

Anothet'speculation i$ that the higher intensity of cosmic rays and high- 

^ energy protons at altitudes froiji 300 to 3Q(jO kilometers (Pamphlets 11 and V I) * 
might be used to/^pare mutations of living cells found on Earth. This could 
lead to ^new technology of j'bre'oding" cells that we need and of discovering 

^new Breeds of bacteria that we must defend against when thdy appear on 
Etoh, '(A similar technology has already been developed in grbiind-based 
laboratories.) ' ' 

. ■ " ■' . ' ■ ■ ■ 
■ — — — kh. _ 

'•'Project Physics.*" s^cond edition. Holt. Rinehart and Winston, 1975/Secs. 4.6, 4.7; 
'.'Physical Sciencc Study Committee** (PSSC). fourth edition, D. G. Heath, 1976/Secs. 12^6,* 
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Chemicai^ Techndlpgy 



In.zero-^, many chemical reactions are knoAvn to take place faster because|i(;^^^^^^ 
gravity docs: not s^pa^ate the icactants, Scientists speculate that some per-^S^ • 
fectly pijl^^ substances could be pre'pared in space by heating inipure samples ^/ 
in a **solar furnace^* outside the spacecraft and boiling off the contaminants. - 
The basis of this idea is that the sample need not he in contact with the furnace 
walls; instead Jt would be floatinjg' the vacuuni of space wh^re a concave 

mirror could focus sunlight on it. ' ' 7 

On Apollo-Soyuz, three experiments were t:6ncemed with the growth of * 
pure crystals. They are described more fully in Section 4 of this pamphlet. ^ 
Experiment, MA-OdO^ Interfcu:€ Marldngs m was supemsed by 

H. C. G^tos of (he Massachusetts I^itute of Technology (MIT) who was 
assisted by one. Co-InyestigatdrvThe experiment measured germanium cjys- ■ 
talt^rbwth rates. . ^ ; ' ' i v 

Ex0jdment MA-OSS, Crystal Growth From the V^por Phase, sjiojfved in 
three separate experiments that the vapors of germahium^coni^^^ 
more perfect crystals in zero-g than on E^h in oife-g. The Principal Inve?- 
>tigator was H. Wiedemeier of Rensselaer Polytechnic Institute (RPI); he was 
/Unassisted by three Co-Investigators^^^^ >^ • /. 

Experiment MA^IH, e^sw/6r<?w//i ;.>y as supervised by M. D, Lind of the . 
Rockwell International Science Center in California. He showed that crystals ^ 
of three different' compounds can be groNvn from solution in zero-g at room 
temperature (290 to 3(X) K, or 15* to 25^ Qi -or 60*' to^80° F). . ' j " 



Metallurgical Technology ■ - . .-1,^,^^ . -^^r.^. 

Three techniqtifcs of importance in modern iiidustry to;- 1^^ cqntainerless ^ ^: "^ f 

tasting of reactive metals, the formation of uniform alloys, and the formation - q ^ ' 

of strong eutectics. The first technique can be done easily .in zero-g because ^ • ^ ^ / 

tHtere is no gravity to deform a liquid nielt. A drop of molten metal, for j 

example, will be pulledjiito a perfect sphere by surface, tension I 1^ . / 

contact with furrtSce. walls Because the metal need hot touch, the furnace , Jf. 

walls, it IS not contaminated or constrained by them. In the formation of 

unifpm alloys, a rhix o)^. two molten materials, will n 

zero-g^ itcoolstg^formah alloy. A eutectic is acombinat^^^^ ' * ■ ' 

' th^t has a iow6r melting point than either material alone. (*^*Eutectic*> is.a : , 
Greek word meaning **minimuni melting point.") The two niaterials do not ■ 
mix like an alloy; instead, one material forms k regular pattern when it v ; 
solidifies inside the other. The most useful eutectics consist of long thi^flbe^s^ 
of one material through the other. It is possible to grow the fibers longef .a^^ . 
more nearly parallel in zero-g^than" in one-g. ^ : ' 
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The metallurgical experiments on Apollb-Soyuz were base^ on a specisilly 
desigAed electric furnace located in the Docking Module (DM). It could heat 
samples to as high as 1423 K (1150° G), -as described in Section.3. Six 
experiments bn spheres, alloys, and eutectics, as well as two of the three 
-experiments on crystal growth, were done* in this furnace. ^ 

Experiment MA-OIO, the Multipurpose Electric 'Furnade facility, de-^ 
veloped'at*:MSFC under the supervfsion of A. Boese, was highly successful.' 

Experime^tt MA'044; Monoteetic and Syntectic Alloys, showed that the 
uniformity of aluminum^antimd'ny (A^-Sb) alloys produced in zero*g was 
much better than (.be uniformity of those produced in bne-g on Earth. The two 
Principal Investigators were C. Y. Ang and L. L. Lacy of MSFC. 

Experiment MA-! 50, Multiple Material Melting, was a joint experiment 
' designed by I. Ivanov of the Soviet Institute for Metallurgy /in Moscow. He. 
was assisted by several Russian and two Ameri:can Co-Investigators. The 
zero-g formation of aluminum spheres and two alloys (aluminiim-tungsten 
and germanium-silicon) was compared with formation in one-g; 6n Earth. 

Experiment MA'04 1 , Surface-Tension-Induced Convection y measured the 
small amount of material flow produced by surface tension in molten lefad and 
gold. The Principal Investigator was R. E. Reed of Oak Ridge National 
Laboratory in Tennessee. ' > ^. 

Experiment MA-070, Zero-g Processing of Magnets^ Nvas supervised by 
D. J. Larson, Jr., of Grumman Aerospace Corporation in New. York. The 
experiment showed th^t better miagnetic eutectics of nf\anganese-bismuth can 
be produce^ in . zero-g than in pne-g/ 

Experiment ,MA-}3! , Hdlijle Eutectic Growth, showed that long, thin 
fibers of lithium fluoride (LiF) fcrm in scidium chloride (NaCl) when the two 
salts are melted together^nd cooled rapidly, starting at one end. The Principal 
Investigator was A. S. Yue^ the University of California at Los Angeles 
(UCLA); he was assisted w two Co-Investigatprs. 

Power Technology in Spade 

■ ' ' ' ' ■ " ' • '■ ■ . 

Although the ApoUo-SOyuz experiments did not relate to sol^ power, it 
should be noted that power technology is'e^^pected to develop rapidly in the 
1980's, The worldwide power shortage has increase^d the importance of solar 
power. Professor Gerard O'Neill ^ Princeton University has suggested that 
space colonies shou|d be built where orbiting solar-power stations could be- 
manufactured more cheaply and more quickly than on Earth*. Some of the 
man^ articles on space colonies and orbiting solar-poNver stations are re- 
viewed in a book entitled ''Space Science and Astrononjy" (Macmillan Co., 
1976). The propcjsed solar-power statioYis wouldi4)e hu^e collectors (40 to 50 



■ . '■ ' ■■ ■ ••■ \x 

kilometers across) in geosynchronous orbit 36 OOQ kilometers above the 
Equator. In this kind of orbit, the stations would always be overthe same point 
on Earth and pould beamJO or 20 thousand megawatts of power by micro- 
*wayes (very short radio waves) to aground:jreceiying station in the southwest- 
em United States or elsewhere at lowjatitude. 

The .sunlight might be converted to electricity with silicon 9ells that NASA 
developed in the I960's for the solar-poNvier panels on spacecraft. Another 
possibility is to use the sunljgfit to heat a gas that would drive turboelectric 
generators as in a regular elfectric powerplant on Earth. Either way, a new 
techn(^ogy must be developed to handle such high electrical power output on . 
ah orbiter and to convert it to microwaves aimed at the ground receiver. 



The behavior of liquids anywhere depends on ttieir boundary surfaces— that * 

where they come in contact with solids^or gases. At the boundary of a liquid 
and a solid, two kinds of force are in compelition: coheslve,Jorce pulling the 
liquid molecules together and adhesive force jpulling the liquid molecules 
toward the solid. If the adhesive force is larger, the liquid will wet the solid ^ 
smoothly: If the cohesive force is larger, small amounts of liquid will fom' 
little droplets bn;«the solid surfacie, like water on greasy. hands. Oh Earth, of 
course, there is a third force^gravity— that pulls the fiquid downward. 
Gravity pulls the wateg' down into the bottom of a cup and keeps it from 
wetting far up the sides. Oil; however, has a large adhe*sive force with metal 
and will stay sprbad all over tnetal surface in on^-g. . [' 

Detergents, like soap, change the surface of liquids such as water, so that 
bubbles on the surface of fioapy water jast for several minutes in one-g. " 
Gravity, finally pulls the water down the sidesof the bubbles, and the bubbles 
^et so' thin that they break (because of "the motio'ns jaf the water molecules). 
Ljqiiifts in bubbles or foam are important i/i Several way s^ they .are- used in 
yflgiiiting fires, in making lightweight plasjics aind foam rubber, and in speed-i^ 
ing up some chemical reactions i^t\veen ga$j^papd liquids, . 

Wicks move liquids against giivity when thete is a strong adhesive force 
between the liquid and the solidfibers in the wick. For instance, the wick of a 
candle pulls mojten wax up about 5 miil^fiieters, where it bums easily in the 
candle flame. A towel acts as a wick when it lifts water off a surface to dry it. 
Jn zero-g, wicks can be used instead of pumps to transport liquid? from tanks 
to wher%er they are needed in a spacecraft. V _ 

Space qhgineers have learned to handle several liquiils in zero-g^ — water, 
propellantfuel, liquid oxygen, oil, and waste. They havedjf^^ in measur- 
ing adhesivb and cohesive forces on Earth because the one;g gravity foipce 
-interfere^. 'When they try to measure the phemical reaction time in afoam in 
one-g, for exanitple, the fo^m collapses after a,few minutes. Therefore, 
demonstrations of cheipical foaming, liquid spreading on a solid surface, and 
liquid motion in a wick were photographed and timed by the astronauts ort 
Apollo-Soyuz, ' ^ ■ . ' ' * 

^he Chemical-^^ Demonstration 

Three chemicals were added to water in a small plastic bottle, which was then 
corked and shaken vigorously to miake a foam. Thymol blue, a detector that 
turns pink in an acid solution (like litmus paper), had beerfadded to the water. ' 
The chemicals were sodium sujfite (N^SO^), sodium hydrogen sulfite 
(NaHS03),.and formaldehyde (HfcHO). Three reactions took place, yielding 
SDj,-^ ions which turned the Joan; pink in les$ than 20 seconds and the rest of 





the^lution pink in about 1 minute (Fig. 2. l)..This demonstrdiidnr ^ho>vs that ' ^ - 
in^ro-g.a cornplex*chemical reaction can be speeded up i^foam.^The same , 

don would also be speeded uj) in one-g if th? foam; would Ijasti J^iit it . 
collapses in less, than 20 seconds. 




Figure 2.1 Chemical reaction apeed In foam. Juat after mixing lind atiaking the three 
chemical^ In water,* the foam began turning pink (top photograph). After 60 
' aeconda, the reaction waa complete and the foam waa <^ 
■ graph). ' , . ' ■, , ■ . 
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the Liquid^Spreiading Demonstrati^^ 

* ; V ' ■ • ■ ' ■ . ■ ■ ■ ' s ■ ■ • ■' • 

Ih9en)-g, a small amount of li^^ wets more-than the t>ottomo^ cup; it wets 
the emire cup. Thi$ was demonstrated on ApoUo-Soyuz by squirting a small 
amount of blo6*^qdlbred oil ^nto the bottom of a cubical plastig^^cup. The oil 
qpickly spread oVer the bottom and* then up the sides. The adhesive force 
between oil and plastic is stronger than the cohe^ve^orce of the otir Blue oil. 
. collQct^d inihe corners of the cubical cup because the sharp cpmer allowed 
the^ cohesive forc^ to work more nearly with the "Tadhdsiye fprce there 
, (Fig.; 2.2). When red-colored water was later added on top of- the oil, it formed , 
' . round drops bec^ause the adh^ive force between water and oil is much smaller 
than the cohesivG forc<5 of wate of oil spreading in zero-g was; 

measured' fitom •motion taken by the a3tronauts/ and this zero-g^ 

^rface tension ^elps us to understand the liquid spreading of solder, molten 
: metals; and iin^^^ 




I Liquid tprMdtng In, zero-gi^ue-^ 
], ' cubical ^ttic cup.t(Thit pnotooraph was taken during a zero-g atrplarie f ilght, 
tonApollo-Soyuk*) 



■•'V.. 



J The Wick Demonstration 

Wicks are very efficient iu^ro-g becauseihe fluid being pulled up** has no 
^ . weignt. Four wicks, eaclvTO QgntiineterSs.Iong and 1 centimeter wide, were 
held in a frdme so that each wick dipped into a plastic cup at one end. Thre^ of 
the wicKs were made of stairiless-stcel wire interwoven in different way s^ The 
fourth wicjc wasinade of nylon. Blue-colored spapy water and blue-colored - 
sjlicone oil \yere squirted into (he cups, £uid ihe motion of eaclv fluid up the 
^icks was timed. Both^the piland the water moved up the wicks much faster 
' than expected, and the oil moved faster than the water (Fig. 2.3). Tiniing 
^. showed that the staipless-steelvack wth ffi^ Piain Diitch weave was most 
efficient in zero-g. . 't / ^ ' » , 




Figure 2.3 Wick action In zero-g- Tiiree of the wiclc^ can l>9 seen between columpa of tiie 
.>t supporting frame. Wlien colored water and oil were tquirted into tiie cup8>^ 
tlie lower ends of tlie wiclcs, the motion of tlie llqulda up' tlie wicica was 
J . watched and timed. (Thia photograph was taken during a zaro^g airplane flight, 
, . . not oh Apoiio-^pyuz.) - I ^ • 



ERIC 



.10 • 



19: 



' c , ... 



n Questions for Dis^ssion 

^ (Foam, Wetting, Wlcks)v 
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1. It has been suggested that styrofoam and other biardened plastic fq^tns' 
cpul<) be strengthened by addfnjg strong metal fibers to the foam before it 
solidified: .Comp^ how such a process would work in zSro-g and pne-g. 

^ ■ ■ : ■ , .. . •• • ■ ■"■^ : : . \ ^ ■ 

, \ 2. Wh^t happens to the^qil when it gets to {he top of the bpeti-cube cyp iir 

■ •^;ero-g?. ■ . : , 7; ^' ' • 

•/ ■ V.' ■■ ' ■ ■■ f ' . • , v .. ' •• 

3. What forces account iFor oil moving faster than water along a' wick in 

• zerorg?-' ■ 



20 ..v.- , '""'^ 
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3 H ig h-Temperatu re 

Metalsand 

m " ^ 





, An electric fuipiace designed and built by Westinghouse had been used to melt 
metals on the long Sky labjiiissions in 1973-74. The MA-010 furnace used on 
Apollo-Soyuz was basically the same as the Skylab furnace, with in|prove- 
ments to shorten the heating and cooling times. The major requiren fent was 
flexibility so that the furnace could be used for seven different experiments^: 
five of which are described in this section. ^P"^ ' 



The - ^ 

The n;i^tenals to be heate(d in the /umace . were enclosed in standard^ize 
cartrjd|esreach 2.1 centimeters in^larneter and 20 5 centimeters long. Three 
' such'cartridge^s could be futecj insidei the vdctmin-tight furnace casq'shown on 
the right side oT Figure 3^1^ Electric current through resistors was used to heat 
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TtMi MA-01 a multipurpose electric iPurnaCe. the furnace lis thQMUnder on the figure 3.1 

right, aboMt 22 clsntlmeters high and 9 centimeters In dlameterrWere are three 

openings In the top f/K Irmerting the three cartridges to be heate^^ 

box contained helium and the control^ for releasing shruill amounts into the fur- 

rwice for cooling. The control box on the left has dials and ajwitches to set auto- . 

matic heatup and cooldown rates and soak timetf. . 
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the materials in each cartridge. The current was controlled b/ the box shown 
on the left side of Figure 3:1. The temperature could be ma3e to rise afs rapidly 
as 400 k/hr (400'' C/hr) or, it could 6e held constant. .Cooling was 
atcoriiplished by turning off the electric ,currfent and injecting helium gas'into 
the furnace. This allpwed heat to escape from the hot cartridges^ which had . 
been well insulated in, vacuum during the period of high temperature. The 
temperature dropped from its maximum Of 1423 K (I ISD'^C) to 423 K (150*? 
C) in about 3 hours; (Without the Helium conduction of heat, the cpoldown 
would;have taken 20 hourt.) The middle box in Figure 3.1 cpntainied.the, 
helium»and three valves for controlling the small ambunt(0. 16 cubic centim'e- 
' ter> released into the furnace case. The entire experiment was fastened to the 
inside wall of the Docking Module (DM; see Pamphlet I). 

To get rapid heating with minimum heat loss, Westinghoiise Used nickel 
wires around graphite in contactNvith the **hot end" of the cartridges to be , 
heated, The nickel heating wires were covered with alumina (AlgOg) cement. . 
,.E|iery possible heat loss from each insulated cartridge was reduced so that 
only 10 watts of the 2(35-Ayatt heiater power were lost through heat conduction, j 
This heat-loss reduction was possible because the' heated cartridges were 
•isolated in a vacuum in the fifmace case. Before the heater was started, the 
.tealed fumafce case was evacuated through a tube to . the vacuum of space' 
ouiside "the DM . , ? . ^ V . 

- A schematic diagram of the MA-0 10 furnace control box is,shown in Figure 
3.2. The diagram .shQws that* the astrtfnaut or cosrrfanaut could select the 
temperature requested by the Principal Investigator for each furnace experi- 
ment. The tiemperature was then automatically controlled by two ther- 
*«iocouples (electric thermometers), one at the ** hot end" of the experiment 
cartridge (bottorti of the ^case in Fig. 3.1) and one at the cool end. (Both 
temperatures were recorded as a function of tim^.) The ** soak period" of 1 to 
6 hours was the time durihg which the furnace remiained at maximum tempera- 
ture to homogenize the materiafl The copldp^n rate, which Controlled the 
timing and the ambuht of helium, cooling, was also set. 'From thjg. 
temperature- versus-time curved for the two ends ^f each experiment car- 
tridgCi the Principal Investigator knew exactly how his alloy ^ eiitectic, or 
qrystal had been heated, soaked\ and co^d. 



• biagram of the MA-OK) furnace control system. The "Temperature select** a\ Figure 3.2 , 
. thr len is a dial on the control box shown In Figure 3.1 thaHs set hy the astro- 
naul. VSoak period selection** on the right Is a similar dial. The 
("Indication funfction,** lower left) showed whether the furnace was heating up, , 
r ^ soaking; or cooling. The heater (far right) was automatical^ 

Sf.y- cooling or if a breakdown occurred. « ' > 





P t:^d-Zinc and Aluminum-Antimony Alloys 
Produced in the MA-044 Ex^^ 

The r!lA-044 cartridge for the electric furnace i^'shown in Figure 3 .3^Each of 
three cartridges contained two small ** ampoules" jnside a stainless-steel 
cylinder with a *.^ibeifrax" insulation lining in the middle andjjeat-leveling 
graphite at theends. By using'this desigi}, the PrincipaUnVe^^gators got one 
sample, in Ampoule A, heated to J423 K ( j/i 50'' C) and the oth§r; in Ampoule 

. B,. heated to, 1 123 K (850^ C). Alter a 3-hour 20-rTiinute he^up*period, both . 
^samples were soaked for 1 hour, then cooled down for6;5 hours. The copper 
surrouhdihg Afnpoule B kept all of that, ampoule at the same' temperature, 
even though there was a difference in temperature between the hot end and the 
cool /Cnd of the furnace. > 

The' mixture of leiad (Pb) and zjnc (Zn) was chosen because .these two 
metals have very different density (1 1.35 gm/cm^forPband7.14gm/cm^ for 
Zn) and cannot-t^ mixed well in one-g. The small ingot in: Ampoule B was. 
made in the labpratjary by putting D. 33 cubic centimeter (3.9 ^rarns) of pure 
Pb on top of 0.66 clibic centim.eter (4.7 grams) of pure Zn and heating it in(a 
furnace to 1 123 K j(above the meltihg-points of Pb and Zn) fbc 10 minutes. * 
Gravity (one-g) pujled the denser I^b down into the Zn but did not mix them 

. well. It was expecied that the hour^lohg s6ak at 1123 K in zero-g would ifhix 
them much better. / ' ^ » 

> Before the Apollb-Soyuz flight! three similar c^uiridges^ 
and heated in a furnaqe identical /to the one on A'pollo-Soyiiz. These labora* 
tory tests sho wed exactly vt'hat the temperatures 'in Am()Oules A ancj B were 
for each set of-recorded temperatures at the end^ of the MA-044 cartridge. 
Temperature-time plots are shown in Figiire 3.4. 

As shown in Figure 3.5, the( molten Pb did not mix with the hiolten Zn in 
zero-g. Both in ueto-g and irtone-g, the interface between Pb and Zn remained 

' sharp. Careful chemical tests(and electrical measurements showed ve^ 
. diffusion of thplead into the^inc. The diffjision had been expected to be much 
larger. These results show/errors in ope-g laboratory work on diffusion in 

/ molten metals. The Prirtcipal Investigators consider that there is a need- for 
further experiments in zero-g. Where diffusion can be measured accurately. 
' The aluminum (Al) and antimony (Sb) mix forms an actual compound, 
aluminunf antimpnide (AlSb), which has technological importance because it 
is a very good material for s6l?ir ce lis that convert sunlight into electric power. 
In fact, thfe compound AlSb should be 30 to 50 percent nip 
silicon that, has been used in solar cells, on many NASA spacecraft and on 
Soyuz (but not ori ^bllb; seeiPamphlet 1). The difficulty is in mixing Al 
(cfensity 2.1 gmlcmj) perfectly with Sb (density 6.^2 gm/cm'). in one-g. 



DUtgram. of MA-044 cartridoe for alloys. Ampoule A at tlie hot en4 (bottom of 
furnace in Fig. 3.1);r^ched the highest temperature. Ampoule B near the 
center reached a lower temperature because the temperature decreased from 
left to right along the cartridge^ The copper around Ampoule B is a good heat 
coffKluctor and sefv^ to keep the entire ampoule at th^ same temperature. 
Ampoules.'A and B and their contents are shown in more detail in the diagrams 
at the bottc^'. ^ 
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f^igure 3.4 Temperature versus time in the MA* 044 cartridges. The top curve. is fdr Amr 
poule A (at the hot end in Fig. 3.3); the lower curve Is for. Ampoule B; ana the 
bottom curve is for the cool end of the cartridge. The horizontal arrowsjihbw 
the melting points of the four metals^ the AlSb compound, and the Pb«2n alloy. 



'if they are not perfectly mixed, the alloy can. have three differenl structUresr 
(.1) pure AlSb with an eteclrical resistivity of about 30 fl-cni (30 ohms resis- 
tance for i-s.quarecentimerercrpsssection per pentimeter of length), (2) a mix 
of Al with AlSb with tk resistivity of about 10"^ fl-cm, or (3) a mix of Sb \vith 
Al^b with. a resistivity of about 1 0~Ml-cm . Pockets 6f the last two structures 
,\^ouId "short out** the desired. solaf-cell characteristic. 
, Ampoule A contained 1.5 cubic centimeters of Al and Sb mixed in propor- 
tions to give exactly 50 percent Al atoms and 50 percent Sb atpms (1 .^6:grams 
of Al and 5.% grams of Sb). This ampoule followed the :higher"temperature- 
time curve on Figure3. 4, soaking for 1.5 hours at 1423 K. ^Figure 3.6 shows. 
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microis^Opic vieif^ of the resulting alloy: the toji photograph |sVtherflight 
sample copied in zerb-g and the lower photograph is a sample cooled in one-jg> 
The red color shows the desired slrHptuue 1 , pyre AlSb, and the blue <:olor , 
' shows pockets of structures 2 and 3 . Many other photographs like Figure 3,6 
were taken, and the area pf blue (structures 2 and 3) was measured on each. In 
the flight samples, the pockets averaged 2 percent of the area, whereas the 
AlSb cooled in one^g averaged 10 percent. (In Figure 3«6, these areas are 1 
Percent and 25 percent.) Accurate chemical and x-ray analyses confirmed 
these measured^as, indicating a fivefold ir^crpaKe in. the CQpipound' AlSb 
cooled in zero-.g^bvef that cooled in one-g. Measurements of the electrical - 
resistivity averaged f2 O-cm in the flight samples and 0.01 H-cm iti the one-g 
samples. ■ ■,.'■■■■*. .. 

The Principal Investigators conclude that heating and cooling Al-Sb mix-* . 
tures in zero-g can produce much more uniform AlSb compounds than in*' 
one-g and that this procedure may lead to commercial production of the AlSb 
Compound in space. ' '. / ; • 





Figure 3.6 Microttrubture of AlSb formed in zero-g ami one^g. These enlarged photo- 
graphs of polished croee MClions of^the AI8b ingbtt cooled 
V^*9 (^^^om) have been coloriMi rfld for pure AISb and M 
. tMres. The defective (blue) areas total 1 percent of the area shown In the top 

^ photograph and 25 percent of the area shown In the bottom photograph* 
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Melting f}f Aluminum, Tungsten, Germanium^ 
and Silicon Jh Zero-g^ " \ 

Joint. Experiment MA^ISO. was. designed by the Russian, Principal Inves- 
tigator, h Ivanov, and u^d the American MA-OlO.fumace in the I^M, There 
^ere* three identical cartridges, each containing three ampoules, and ail tljrec 
cartridges were' relumed to the U.S.S;R<: on SOiyuz. One ampoule contained', 
aluminum powder that was melted (at 973, K, or 700° C) in an attempt to 
produce perfect spheres when the melt was cooled. Spheres were produced; 
[but aluminum oxide influenced their formation and they were' ndt perfect; they 
were about the saipe as spheres produced in pne-g. \ ^ 

Tile temperature-time plot selected by the Russians for the hot ends of the 
three cartridges is shown in Figure 3.7. The ampoule that receiyed^the full 
1423-K temperature for an hour*long soak ctpntained tungsten ^phen^s iand 
aluminum. In one*g, the unmelted tungsten spheres would sink to the bottom. 
^ In zero-g, they remained in place, and the Russian scientists measured the rate 
of formation of .tungstei}-aluminum alloys during the 1-hour soak; ^ 
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Temperature versus time Jn the Soviet materials melting experiment. The am- 
poules at the hot ^nd produced .an aluminum-tungsten alloy.. Other ampoules 
reached lower soak temperatures and produced germanium crystals and 
aluminum spheres. 



Yhe middle atnppulp reached isome what lowei^ temperature: It contained 
germanium **d6pcd'V with 2 percent of silicon atoms— a semiconductor used 
in electronic circuits. The melt solidified directionally, frorh the cool end 
to\yard the h(ff end of the cartridge. The Russians consider these^errrianium 
silicon^rystals to be better than those made in one-g. 



Diffusibn of Gold Into Molten Lead 

: The diffusion of oi\e Hqu.id nietal into another is impk)rtant for metallurgical 

'^engineers who make alloys. Irl pne-g^ measurements of how fast one liquid . 
nietal spreads through anpther are complicated by convection: currents. The 
hottet'r.parts have lower density, so Iheyrise* The coolV'parts of the liquids' 
have higher density and so they fall. In zerq-g, this type of tonvectibn does 

. not occur,' but other forces (Sec. 2A) may cause currents in liquid metals. 
Cohesive forces of different materials produce ^wr/ace /e'n^/on, which can 
cause motion, of. the-liquids at an interface between tw0 liquids. Adhesive 
forces produce'vve'//mi?, which can cause motion of a liquid along its interface 
with a solid, The\)bjeqtive of the MA-041 Experiment was to measure b^)th 
these motions in the absence of gravity-produced convection, \» 

The MA-041 scientists at the Oak Ridge ^National Laboratory had ' an ^ 
effective method for measiiring the amount of gold (Au) that had m6ved 'into 
the liquid lead (Pb) before^ it cooled and solidified, The small ingots returned 
from Apollp-Soyuz were placed in the; nuclear reactor at Oak Ridge, where, 
they were bombarded by slow neutrons^ Slow neutrons cause a nuclear 
reaction whereby ^®^Au. atoms (ordinary .gold) become radioactive *®®A^ 
atoms, which in turn emit beta rays of 0?96-megaelectronvolt energy^ The 
half-life of *®®Au is 64.8 hours, sufficiently long to allow measurements of 
Au atoms that had moved various distance& into the Pb. The small ingots weire 
cut in half, polished, and irradiated with neutrons. The flat faces were then 
placed on photographic plates with a special emulsion that is sensitive to the 

, 6.96-megaelectronv6lt electrons emitted by the f®?Au atoms. When the platen- 
was developed, its density (blackness) shoNved just how niany i^^Au^atoms 

*^.were ateach place in a thin layer of the specimen. Because the range (distance 
traveled) of the 0.96-megaeleclronvolt electron in .Pb is approximately 0.4 ! 
millimeter, only the Au concentration iii this 0.4-millmieter-layer thickness is 

: detected. - ' 

Two small ingots of lead 3 centimeters long with a'3-millimeter plate of 
Pb- Au alloy at the end were carried in each of three MA-04 1 cartridges for the 
MA-010 furnace: One ingot was placed at.the hot end andf. soaked at 923 K 
(650° C) for I hour. "The second was placed halfway down the cartridge, 
where the temperature^ reached 723 K (450° Qi 'for the l-houir soak. (Lead 
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melts at ^00 K, or 327^ CI) In the first caitrid^^ lead ingots were 
' surrounded by steel that was wetted by molten Pb; in the other two cartridges, 
the lead was surrounded by graphite that was tjc?/ >vettedi by ^olteri Pb; A 
similar set of three ca];tridges was heated in the same way at Oak Rid^e in 
■one;g/ 

Measurement of the zertFg specimens showed that the Aii atoms had 
moved more; than I centimeter in the lower temperature zonei (723 K) and 
more than 2 centimeters in the higher temperature zone (923 K), The Au^ 
atoms moved the entire length of the Pb in the one-g specimens. In the zero-g ^ 
ampoules, the motion was mainly down the center; there Nyas less motion next 
torthe walls. The motion of the Au atoms into the Pb was caused by diffusion 
and by currents due to surface tension. Further experiments are needed to 
separate these twotypesof motion. The Au movement in the. one-g specimens 
was mostly due to convection. , 

In zero-g, the effect "of wettinjg the steel ampoule was less than expected; 
that is, the motion of the Au into the Pb was very simil^ to th^t io'the 
non\yetting graphite anipoules. In one-g, there was a small wetting citfect, but 
it was much less than predicted. The many measurements iu zer.Q;g_seem to 
indicate that liquid metal *' slipped* ' along both the graphite and the stebl walls 
• arid did riot wet the steel walls. A - . . 



' P^^ have found that magnets are made up of many small magnetic 
^{j jflfiomakis/'- each with a north and south niagnetic pole. Ii\an ordinary bar of 
^ iron, these magnetic doriiains are pointing every which way (anjd.tend to 
^dricei each other's magnetic fields); however, if the bar is put ihto'a strong 
J rnagnetic field (close to anothdr magnet or in d coil of wire cai:^ing direct- 
ciirrent electriqity), the donriains, are aligned and, the iron bar is magnetized. 
. For a permanent magnet, the domains must remain aligned, held there by 
• forces in the material. In a pure iron bar, such forces are very small, and the 
^ domairis lose their aligrimeht as soon as the outside magnetic field is rem^ 
However; some alloy have been shown td have much Jargef internal forces (o 
hold magnetic alignment. The force holding the domains in lirie'is mba§ured 
by the magnetic-field strength necessary to turn them around, ithis is palled 
'*coercive force." It is low for iron, which indicates how .easily the 
./ ^fgn^tic alignment can he changed in irori. Coercive force is very high in 
^^^e magnetic alloys. 

f i^One objective of MA-OTO, Zero-g Processing of Magnets, was 

■'1f^ riiake magnets of very high coercive force by forming long, thiri fibers of 
,!|;jjpagnelic material aligned in a **matrix" of some other material, such as 



\.bls^l^h, which surrounds the fibers. The idea was that the fibers would be as' 
^thin as the magnetic domains they contain. When the domains aire aligned 
Jong ft\t fibers^ the.matrix would tend to hoid^them that way, 

^in fibers . are formed along the temperature gradient (direction from Cool 
to hot) When certain molten alloys are cooled progressively froin one end to^the. 
other. Figure 3.8 shows ho\v this was done in thc.MA-010 furnace; The tltiree 
• MA-OyO lQirtridges each contained three 
was surrounded by a graphic **heat leveler.V The; 
uniformiy (no temperature gradient) and contaiiied a mix of iiO-percent 
bismuth (Bi) atoms and 50-percent ndanganesc (Mn)* atoms. Am^^^ 
were in a strong temperature gradiefe of 30 K/cm (30° C/cm) down to the 
lower tenlperature at the cool end of thei cartridge. Ampoule 2 was. filled with et 
, mix of copper and copper-cobalt-Cjerium (Cu-(euCo)5Ce), arid Ampoule 3 
^v!v was filled, with a mix of t^ismuth manganese-bismuth (JBi-MriBi). 
TTie tjferiiperature at the hot end of the MA-070 cartridge;( 
; raised to f348 K. (1075° C).and 
theii allowed to cool slowly to 673 K (400° C) over 10.5 hours to solidify the 
mix, and then cooled quickly by inserting helium gas. The temperatures in 
Ampoules 2 and 3 were lower but followed the same pattern , The.high of 1 323 
K (1050° C) in Ampoule 2 and 1123 K (850'' C) in Ampoule 3 melted their 
contents. The cooling was from right to left in order to produce fiberis along 
the axis in Ampoules2 and 3. " " -\ > ' 




Heat, extractor 



mmmm 



Ampoule 3 , ' ^; > 



: Thernial inser.t 
(graphite) 



Stainless*steet Insulation 
support tube 




Thermaljnsert 
. (graphite) ■ 



" . X Thermocouples ^ 

r _ ■ ■■ . ■ ■> • • 

Fit^e 3.8 . Diagram of MA-67q cartridge for magnetic aljoys. The heat leveler at the left is. 

< at the hot (bottom) end of the IMA-OiO furnace, and the heat extractor, at the 
/ right is at the cool (top) end. The three ampoules contained different mixes for 
^ heating and cooling, Ampoules 2 and 3 ^n strong temperature gradients^ The 
: directional cooling jwas intended to form eutectic fibers in Ampoules 2 and 3^ 
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The itieU in Ampoule 1 cob td.produce large, uhifom MnBi 

drystjSs; (In one-g, most of the Mn -rises (floats) to the topV and the^ew 
crystals produced are small.) The anray bf separate MnBi crystals showed that 
there Was a temperature gradient during the cooling from the edge to the center 
>of the cylindrical ampoule. As a result,! the'magnetic properties of the MnBi 
are complex, showing both low aiid high coercive forces. 

In Ampoule 2, the Cu-(CuCo)5Ce mix reacted with the ampoule walls 
' (madet ot boron nitride) and solidffied in long cryst^s extending inward from 
the walls. The fcoercive force was* not increased in the zerp-g samples. 

Neiu'. the cool end of Ampoule 3, the MnBi fibers were not well aligned, but ' 
as the cooling jfront proceeded toward the hot end, the fiber alignment steadily 
improved, as shown in Figure 3.9. The coercive strength of these samples was 
87.6 X lO'* amperes/meter (1.. 1 x 10'* oersteds)— more than twite as high as 
meiasured in MnBi-Bi eutectic formed in one-g. This is an important result and^ 
may lead to a new technplog/ of manufacturing magnets. . 



Fibers In magnetic eutectic from Experiment MA-070. No f ibiors were f orrhed 
in the large ^'chunks?' The thin white linefli at the topTEire MnBi fibers in bismuth, ' 
which shows as mottle^gray in this photograph of a polished cross section. . 
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p Tran$pWent i^ibers From a Eutectic 



Tr^sparent fibers have an important use as 'Might pipes" in the new technolr 
ogy of fit)er optics. Anexperiihent on SKylab produced long fibers of sodium 
fluoride (NaF) in sodium, chloride (NaCl; common salt)*when a mix of thesie 
two substances was melted at about 1 143 K (870° C]|, i^d then cooled 
progressively from one end oT the cartridge to the other. Experiment MA-l 31 
tried tp produce a similar eutectit made of lithium fluoride (LiF) in NaCl' on 
A{)ollo-Soyuz. 

The MA- 131. scientists constructed nine cartridges with the dimensions . 
shown in Figure 3. 10. The sample was 29-percent LiF and7rr{>ercent NaCl, 
melted and solidified in a laboratory , then carefully cut to fit inside a graphite 
cylinder, which was encased in jn stainless-steel cylinder 1 1 1 millimeters long 
and 9.6 millimeters in diameter. There was a 43-milJimeter empty section-', 
(filled only with inert gas) at the hot end to alio w for thermal expansion during 
. heating. The hot end was heated to 1 293K (1020° C) in the MA-0 10 furnace. 
At that point, there was a teipperature gradient of 50 K/cni (50° C/cm) d^H(ri 
the cartridge toward the cool end, and the last 12 millirneters of salt mix at tn^ 
cool end was unmelted because^the temperature there was* less than 1073 K 
(800° Ovthe melting point of NaCl. As the mix cooled (at 0>6 K/niin, or]o.6° 
C/min), fibers of LiF gre>V.out into, the molten mix because LiF "freezes" at 
1 143 K. These fibers grew siijadily at a rate of about 2 /xm/sec during the next 
20 hours. Back on E^rth after the mission, the solidified NaCl-LiF eutectic 
was analyzed for fiber length, diameter, spaQiitg,'^ad optical properties. 



'9:6 mm Outside digjuptpf 




Graphite Hner . . 
8.9 mm outside diameter 
7.9 mm inside diameter 



111 mm 




f igur^ 3.1 0 Diagram of MA^I 31 cartridge for NaCl-LiF eutectic. There was a strong tem- 
perature gradient of 50 K/cm from the hot end at tiie teft to the cool end at tlie 
right.N^ibers of UF grew from the cool end toward the hot end. 
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. Three the MA- were flown on A'pollo-Soyuz to be njelted 
and refrozien in zcro-g; TjW^e other cartridggs went through the same tempera- 
tures at Westinghousc Laboratories in one-g, and three were kept .by the 
MA-1 31 Scientists at UCLA. T^ie main results were a comparison between the 
first iWo^sets— the fibers grown in,zero-g and thbse grown In one-g. Figure 
"3.11 show^ the zero-g fibers at the plac^ where the salt mix was unmelte^; 
(left). There was a slight bulge in this unmel^d surface, and the fibers grew 
perpendicular to the surface, bowing outward rather than growing straight 
down the cartridge as intended. Figure 3.12 shows the LiF fibers farther 
down, where the temp9rature gradient was rnore uniform and the Fibers are ' 
more nearly parallel, f he zero-g fibers in Figure's. 12 (top) arte long (more 
than 1 millimeter), whereas the orfe-g filers (bottom) aiie short (0.05 millime- 
ter and less). Figure 3.13 shows the remarkably regiilar spacing and 
4-rtiicrometer diartieter of the LiF fibers. . _ - 

The NaCl-LiF eutjectic will be useful for optical work with infrared light. . 
The LiF fibers transmit infrared light of wavelengths from 3 to 12 microme- 
ters, the long fibers grown in zero-g are abputlwice as efficient for infrared 




LIF fiberCfit the unmelted salt bounda^ In Experiment MA-1 31 . The^nmelted 
salt Is on the left side. i 
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re 3.12 Parallel LIF fibers fomied In zero-g and dne-fi. The fibers formed in zero-ii 
(top) ar6 more than 1 millimeter long In thia photograph of a lengthwise cut 
' through the eutectic bar, enlarged 56 times. Fibers formed in one-g (bott^^ 
are less then 0.05 millimeter long in this ;!1 0-times enlargement 
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fiber optics as the shorter one-g fibers. When infrared light.goes through the 
eutecticcrosswise (perpendicular to the fibers), it is scattered and pblairized by 
. ^he fibers; that is, infriared waves oscillating intfiK direction of the fibers get . 
through more 'easily than the Avaves oscillating acro^^ the fibers. The NaCl- 
LiFeutectic plated, cut so' that the fibers ar^ parallet to the faces, cah be used 
as infrared polarizers (like Polaroid, is used for visible light). 

Questions for Discussion - 

(Heat Transport, Temperature, Alloys, Empties) * •* '? 

4. If the MA-OlO fumate Uses 205 watts and, takes' 3 hoilrs to reach 
maximum temperature, what ,£inipurit of energy is added'to the contents of the 
furnace?. Where 'did. the heal go during the cooling of the furnace? 

. 5. If the cartridge used in ond* experiment were twice as massive asrthe . 
cartridge used in anotherexpei;iment, how would (he heatup times differ? The 
cooldowh times? " • • v . 

■ ■: ■ ■ '* . ■ ■ ■■ ■ ■ ' [ ■' , 

6. Which fuHiace'ejcpprim^nls required ja tehiperature- gradient in their 

samples? Which' required. uniform temperature?^ ■ ' ■ 

7, How can^ lhe cartridge design give a higher or a Ipwer temperature 

■■.gradient?. ' ' i - r . ^ . • ' ■ 

. ' .^^8. How much power^ was required for the electric fiim^ce during the soak 
rperiods at consianuemperalure? •/ ' • 

9. I^Qw does a vdcuum in the N1jj|t-0 10 furnace <:ase redi;i<?jpv:i}eiat ioss?^^ 

•.if' ' ■..».■■■ -tn. *■"' ■ ■ ■■ . .■; ■. ' ■ . ■ ; '■■ ^ .• 

. "■:.' .■ ■■ - ■ ■ ' ■ ■ ''y"^ •A'v-'h . 

;10. What should cause diffusion of orie liquid met^l intOvailotJi^^M^ttt^^^ 
they are in contact at hig^t^riiperature in the MA-OtO fairnaitfp?;^ 

11 . In av^0/5Q mix q| the abms of two elemenis,'what ra^^^^^oflttas^^ 

, be used?'' ' " . \: .' ' ' .■■ ■ . ' ■ 

. " , ■ ,..■..'■ • ■'''■'■ >?^i''^^-\';>c;v\^^ 

V '. :. 12'. The physical properties of ap^ isotropic substance diJ ltiQiV 

'djreeU§ti.;By V}^^ were /wni^blropic (ajiisolropic) jijibstarices ffiii^^ 

in thcrMA-bip furnace? . ■ ' '■' -'P'^'^^ --^ ^ 

13. How would It be possible'tp get nniore detailed data on i;he hdotidrts of • 
;gold thfbtigh liquid .Jead— more like a >rnotion picture ihan.the; beia^ir^ - 
picturesipf 'Experimeriit (Remember that radioactive , *?® Au^^^^ 

half-1 
3 hours.) 



r 



Jj4. Long* continuous LiF fibers were important wi Experiment MA-131 . 
Were long fibers of MnBi needed in Experiment MA-070 for penrfanent 
magnets? . 
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Crystals are solids in which most of th0 atoms are arranged inia* regular pattern 
like a stack of bricks. As a crystal growsj interatomic forces fdeally add 
another layer of **bricks" precisely placed on the ones.aljfeadx thei«; C 
can be groWn byconiibining substances in a soliUion,.by fi^ci^n^ 
by condensing a vapor on a solid. ForipstailGt', ^bu can see saltci^^tal^ 
in salt water as it dries or ice ciystals form in freezing \vat^^^^^^^ perfisct- 
crystals prqbiably do not exist. -The solution, or melt^'or v^ is usually 
*stirred,^ or is not uniform; or is moving irregularly so tHat a growing crystal, 
bfecorfies une\cn-and a jumble of small crystals results. Even when one crystal 
grows to a fairlyrlarge size» i( generally develops imperfections in its layers 
when some pthcfkmd of atom is deposited-^like an oversize brick in a stack 
of bricks Then . di^t^gular layers of bricks get out ojf^tep with the layers 
beneath, and there i^. a structural defect" in the crystal. 

Crystals have b^corne^ijnportant in modem technology. For instance, the? 
hardness of .diant^ht|;S :(tarto for use in drill 

bits, and gerfhaiiiiiiir'cry'sia^^^^^ rays (see Paniphlet 

11). Many, ptljer crystals arc usiedlin elej:iro^^ 

state npctifiers, and other semicondtictOFs. Sefeniists and engineers have made 
|reat progress in growing largecrystals Miidfercjaitfullyp^^^ conditions, 
but convection currents in one-g often pipducfe 'cKanges in the regularity ;i&f 
growth. These changes result in compa^ition.al a^^^^ defects. For this • 

reason, crystal-growth experiments weiip;ma(de in zero-g on Skylab in 1973,. 
and the results were so promising tbatili^e' ejxpcn!?ients were scheduled on 
:!Apo!lQ;Spyuz, two of them ih the MA:idJiQ>furt:fi / ; ^ 

Growth ot Large G^mai^m^ 

Experiment MAyP6Q followed a Sk.ylab':eXi;x^riment that producejlcrystials of 

. indium arttimonide (InSb) that were mbi^ neai^ly perfect thiah anj^iroducfed on 
Earth .tHej8Cte:ritists at Ml^'f^wanted to determine whetherbther n^iptipn^dUe to 

vi^iirFace.tensiort^b^W Wpuld disorganize germaniurri (Ge)-crystal growth 
in zero-gT'6xa^^ how? fast sii<;h. crystals grow, ^ a^^ \vhat happens wheiv the 

"^germanium is **doped\' with'the I percent of gallium (6a) needed for 
electronics use. They had dey.elpp;?d a. method of '"'interface demarcation** to 
check groSvlH^t^. A layer (l^f atb^^^^ surface wa3 ''marked" every 

4 seconds by: striding a pid^^^ j?^^^ amperc$ fQr 90 milliteconds) 

> from the growing crystal 0) ihto the mdlteri'.Ge (- ). Slices|»jEthe crystal were 
later etched with strong acidS (nitric acid, HNO3, and hydrbfjuoi^i^^ ac HF), 
whicti. showed a fine line wluirc the: cryst.al interface was at'thettJrtie of^each 
' electric pulse;, (See.Fig. 4.2^) ' * .;■ -^i'^i-lijv ' ' 



*The .MA-060 cartiidge containing a lO-cehtimeter cylinder of Ge doped 

' \yith Ga in a 'quarti^tabe is shirtm in Figute 4.1/ At each epd of the Ge . were 
tightly fitting graphite^ cap^ atti^phed to dectrical leads ifor the pulsus pt 
electricity . On Apollp-Soyu^'tiig hot ends of three^of these cartridges weije^ 

Abated in the*MA-010 furnace to 139iK (1 120^0 so that the 0.e was*rnelted 
(^>^(n*to^ about 3.5 centimeters from the cool ends. The cartridges iwere kejpt 

4his W5^y (' ' soaked" ) for 2 hours. Then the teniperature wais lowerefl the rate, 
of 2;4 K/min (2.4® C/min) fo> more than an hour to grow the Ge cry$tals;at . 

•about 5 /im/scc. The furnace current was then switcfied off, Ayhich|dlowed a 
somewhat faster cooling rate for another hour. Then helium was i^rted for. 
fast cooldown. ' 

After the niission, the cartridge was opened at MIT, The^de crystal slipped 
easily out qf the quartz tube, which show« that Ge do^s not vvet quartz in 
zeh)*g. For some reason, this is a change from pne-g, whese liquid Ge does 
wet^iiartz and adl^eres to it as jt' solidifies. In one cartridge, where the Gei was 

< packed with one flat crystal sucface across the quartz tube at the i:ool end, 
there was a single almost perfect crystal, 6.5 centimeters long, formed, from 
the melt, tin ground-based, experiments, the longest single crystal obtained 
was 3 centimeters. Beyond that length, the crystalgrew in "grains," with its 
mam axis in a different direction in each grain.) ^ ^ 
, The cry stals were.^ut lengthwise into 1 -millimeter slj^^^One face of each 
slice was pplished'flat and then etched with ^icid. Figure^ shdws .the<:ool^. 
end of the fif&i cartridge with unmelted Ge at the top, a nayrtow region where 
the melting was p^ial, and the sijipbth crystal at the bottom, Th^ J^e? lilies 

' are demarcations o£ the crystal Surface, prodAced by the current^^lses at 
4-sccond intervals..Measucemeht of the spaceSk^betweeg^hesj^iines gives the, 
crystal growth' ift; 4-sccond intervals. The growth ^as ste^^ first but^ 
inyreased rapidly .^As Figure'4 J.shows, the growth rate l^vi^d o^^ at about 9 
oiy^;^m/scc. • ^ 

V i^hough the^ ^iji^still some uncertainties about the ieffects of Ga "dop^- 
ant"? and its spread tjhroughom the Ge crystal, the MA-060 results show that 
Ijjrg'e, nearly^pe^^fec^^^^^ grown from a melt in zero-g, and the 

growth rate of geilti^nium in.directi^nai.solidificatioh was measured.. 
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Figure 4.2 Interface demarcation jines In germanium crystal grown ii) zerb-g. A length- 
: , wise siice off the crystal, poiiMied and etched with acid, sfk^^ 

% the crystal surface at ttie time of an electric current puise. The lines are close 

near the unmelted gern^nium at the top, showing that crystal ^ 
. / siowly. . ■* / •■ .^^ 
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• 1;2 . . . 1.6 
Distance grown, cm 



2.^ > 



2.4 



■2.8 



Rate of gennaniijm crystal growth in zero-g. The growth in 4-second intervals 
was measured from Figure 4.2, converted to growth rate Jn micrometers per 
second, and plotted against the distance grown (ddWnward from the top of Fig. 

■4.2). V 



Growtjj^f Gi^ste^^ 

Small crystals were formed at the cool end of a quartz tube from a solid 
(uhmelted) soui'ce'^at the hot end by using chiemical vapors as ''transport 
agents?' this technique had been. tried on Skylab in 1973 using germaniuin 
seUnide (GeSe) and germanium telluride (GeTe) as the source nfiaterials and 
germaniumnbdide gas (Gel^) as the transport agent. The solids (s) were hot 
vaporized by high temperature. Instead, they reacted^ith the gaseous (g) 
transport agent at 873 K (600° C) to give tWo other gases, which diffused 
down the tube to release GeSe or GeTe as crystals at 773 K (500° C). The- 
chemical equations are - :i " . ; 



2GeSe^(s) + 2GeI^ (g) at 873 K 4GeJ2 . + ^Scf . 
* ; . 2GeSe ciysl^ls + 2GeI,'(g) at 773 K 



,2Gete(s) + 2Gel^(g)at873 K-->' 4Gel2 ri- Te^^^ ; . 

; • . -H. 2Gefe crystals + ;2GeI^ (g) at 773 K >> 
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The amount .of material carried by the transport agent was measured by 
, weighing the small crystals at the cool end of the tube when it was returned ^ 
to the RPI laboratory-; The amount Avas found to be unexpectedly, large. 
Because pure crystals of complex germanium compounds are needed for 
electrpnics, this vapor growth is an important technology. The crystals 
produced in zero-g are larger and more nearly perfect than those produced by 
rtie same piwjess in ohe-g. V • . * 

^ ^ Apollo-Soy liz Experiment MA-085 confirmed the Skylab results; undier 
sbmewiTat different conditions. Three stainless-steel cartridges for the ^ 
MA-010 electric furnace contained sealed quartz tubes 15 centimeters' long. 
At the hot end, each 'quartz tube had two thin silica rods that held the source 
material. After a 2-hour heatup period, th^hot end.was at 877 K (604° C) 
and the cqoI end at 780 K (507** G). these temperatures were held constahr . 
for 16 hpurs. Then the furnace was lurned off and^helium was inserted to 
cool thei cartridges rapidly.. . 

The source niaterials used in Experiment MA-085 were GeSe and 
germaniiim^ulfide (GeS), and the transport agents were Get^ and germanium 
chloride gas (GeCl^) ■ The cartridges, labeled A, B, and C,. were loaded before 
the mission as follows. W * v 




^^iGcS (s) + 2GeCl, (g) at 877 



the pressures in the first two ciartridges (A an3te) were somewhat leslthan 
atmospheric pressure. ^ The third cartridge (C) was at almost three limes 
atmospheric pressure. in brder^tp test the effect of gas density *on the diffusion 
ofthe chemical .Vapors. In B and C, the chemical reactio 



4GeCV.+ ,S3, .. ..: .. 

2GeS.crystals + iGeCL (g) at 780 K , 



The GeCI and So are gases at 773 K (5O0^ C) and above. 
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'One atmosphere or 760 torr is equal to 101 kN/m'. 
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Whc^n the three cartridges were returned to RPl after th^ , ApollG-Spyuz 
mission,; the MA-685 s^ientis^s found the quartz tub^ still sealed arid the 
remaining sourcb material stiU nhnly attached, the ^mall crystals that had 
formed at the cool erid Avere loose, as shown In Figure 4.4, They were 






OermimiUin S9lenide cry ttalt fformiBd'frbfii vapor in a quartz tube^ Tlie M A-Q85 
quarW 1ft\>e Was in a cartridge heated to 877 K (604* C) at the left (hot) end 
:aii^^80 K (907 C) at the cool ^(rlght) end. The GeSe at the hot end reacted 
^Jtili the'del4'^t^ Qel2 gaa^aoKl Se2 9Mf Which later oom- 

biiMd to^5MrM^QeSe at the cool end^ \ 

colte^ted; vi/eighediand analyzed by x^ray diffraction, which showed that the 
crystals were neairly perfect. Most o&them were little plates, mixed with a few 
nefedle Shapes, as shown in Figure 4,5, The total mass transported in 16 hours 
from the hot source to.the cool end/)f the quaftz tube w,as twice the predicted 
amount in Caitriclges A and 3 and more than three times in Cartridge C, 



Figure 4-5 Qermanlum selenlde crystals formed In'one-g and zero-g. Eiifarged photo- 
graphs of the small. cry stale fonhed In ttie IMA-08S Experiment show that the 
crystals formed In one-g <left) were larger and more Irregular than the crystals 
grown in zero-g (right). 



Q Growth of Crystals From Solution 

\ . The MA 028 Crystal Growth Experiment did -not use the MA-'OIQ electric 

furnace. Instead, three kinds of c^stals were grown in a wafer solution arth^-.J ^\ 
Apollocabin temperature (288tb297 K, or 15°to24°C). The idea, a rtew oj^^i, v 
in zero'g crystal formation, was to'release two chemicals into 6pposUelisil^;|^^^^^^^^ 
of a compartment filled with water. These solubleTchemicals diffuse3;c?w^ 
each other in the water. When they meet, they react to produce ah inspluoj^*;; 
substance that forms a crystal in the water. On EartHTinbne-g; each new 
crystal falls to the bottom of the container. iScientist's have tried to prevent tiifcTt^'^^ 




by putting a ge! in the water to keep the small crystals from falling a^^;;f^.'^^^^ 
clumping together. The soluble chemicals c;in diffuse through thie gel, ^Iri^^!^;*.^^^^^^ 
though the gel slows them. However, the gel also tends to isolate n**^ rrvctaii: ufe^ *:>>stv 
so that none of them grows very large: In zero-g, the crystals 
therefore, no gel* is needed and the crystals can grow to lar^ef 



ate new crystal$^!k% 
stals doh't f^^i^mm^ 
^e^ sizes., ' "C^X^p^^ 



■.4; 



1^' 



A* 



'A diaj^am of (he thrce-cpmpartmerit container for crystal growth in zero-g, 
is showi:r'in Figure 4.6. Compartnneiit A was filled wVh pure water and was 
scpwafe^ froin Conipartm aiidG by valves. (In Figure 4.6, the valve to 
Gpjtnpai[tnient B at the left is open^the other valve is closed . ) Cbmpartments B 
' In were forthe cheiTiicals, Oh Apollo-Soy uz, when. all wasqiiiet in zero-g 



Valves: . . 
open \ 




Clamp ring 
Valve handle ■ '■ 



CofTipartment A. 

Companment C 



i^*:' : ... : ■ ' ■ '. . ■■■■ ^ 

Diagram of the MA-028 reacW for forming crystals In solutlohst Before 
launch, three compartments were filled through the "fib ports" on top. Crystals 
forkhed in CpmpartmenI A. \ ' - 

■ :*^?^:!-: . i '■ ■ ' • ■ 

(when there w4s.^nje|^:^p^ acclgf iatipiVpr pi^\0i^^ the twg .valy^to 
Compartments^. |S^^^^^^ tjyistih^jW^^^ me 

chemicals diffused slowly thti^.uj^^^ xSx^^is^i^^^ 
crystals fbrn^^ 'FiguTe;4^^ of ^t^t^^^act^l^^^^ 

^transparent 6?xan (a plastic) so that t^e ^^stals^^^ 



jgraphed as they fpmied. In four of the relctSfe^ 1^ , ^ , 

centimeters long attd 3.v[§e^^ 



^artnient A was only 4* I9|^eiri^ alrapsi^fe^naf^^ 
compartment had a ;hQfefi^^e^^ with s'scre^iJvcSb^^ 



meht 



• could be filled before launch. The re^cto^ were ^^^y^ 
" wall of the Apollo Commarid Modiijir^se^^^ 

The fpliowing three kinds of crystals were cliosfei?i;fbr^^ in zero- 
of them had been studied' extensively iti laboratories on Earth 
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Figure 4.6 
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1, Gaicium tartrate (Ga^C^H^Og • fH^d^i foTO^ crystals in a gel. 

2; CaleTumcaiibohateCGaCOjVcr^^^ 
mentrbecaus^ of their doubjle refraction, which separates coniponents of 
polarized light?' ^ 



3. Ijead sulfide (PbS) crystals are needed for el&tionics. 




.Figure 4^^, The six MA-028 reactors for Apollo-.Soyuz. Made of transparent Lexan 
(plajitic), they were bolted to a locker In the Appllo Pommand Module and 
photograi>lied evisry 1 2 hours after the valves were dpaned. The reactors were 
. ri^turmd to the Principal Investigator after splaslidown^ ; % 



.;^:'The reactions involved two **reactant" chemicals in each^c^sc, one in 
Gornpartment B and the other in Gompartraent G: I 
ReactionO) * \ 

GaGlj + NkHG^H^ Og + 4H20-* CaC4H:^Og*4H2Qcrystals> Na^ + HCl 
ReactionU2) v^"^'^ 
.C^aClj + (NH4)2G03 -> GaGOg crystals + 2NH4GI 
Reaction Q.) ^ , - ' ' 

GHgCSNfi^^ + PbClj + HjO W PbS crystals + GHgGQNHj + 2HC1 
(Thtoacetamide) ' ."-'^ (Aceiamide) - 
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Each b.f tfaesic^. reactions was conducted in two diffeienf reactors: reactions^ 
(t) arid (2) in both "long" (5 .08 c.entinieters) and "short"' (4. 1.9 centimeters) 
Conipartrnents A, and reaction P) in the long Compartment A. with the value 
of the water pH (acidity) adjusted to 1 .0 in one reactor and to 0.5 in th^ other 
reactorby adding hydrochloric acid (HCl). These two trials of ^ach reactign 
were made in order to leam ^i^teffect the length of Compjutment A dfthe 
acidity of the water would have mKthe formation oif crystals. 
: On the fifth day of the Apoilp-Sojiuz flight, the valves wete ppened in-all 
six reactors,;and color jJUptographs of each reactor >yere taken every 12'hours 
vyith a NikoB 35-millimetercamera. These phbtographs sho w that nothing had 
leaked before the experiments startea and that crystalsl formed slowly in each 
Gomdflrtment A during the reniainina M6 hour&ofzerp-g flight. In reactors 
(I) ami (2), the.chemical reaction had gone tocomplefion^rfb^ splaishdpwn; 
that isTiio more cr>^stals were being formedf ln reactor (3), crystals >^ere 

^ still forming just b<5fore splashdown and PbS sediment continued to fomi in 
one-g'.-'.Oc-.r ■■■ . '■, 

The calcitim tartrate crystals produced by reaction (1) are' shown in the top 
photograph in Figure 4.8. Some of the crystals are 5 millimeters long. They 
are larger.than crystals produced in gel at pne-g^ ind more of them are pl^. 
shaped rather than prisn> shaped. The smaller calcite crystals of reaction 
are shown in the bottom photograph. Many of these crystals arc about 0.5 
miilini'eter oil an edge and of rhpmbohedral shape. Th^ PbS pfystals were all 
small (less than 0.1 millimeter). . - . 

: The MA-028 Experiment was the first attempt to, grow crystals fronri 
chemical solutions . in zero^g. It'is hoped that reactor design and temperature ' 
control can be improved so thk larger crystals can be grqwh in future , 
spaceflights. 



• • •;' v^'•■^^■■^= t;^■..;V.,;. • c. 
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•Figure 4,8 Crystals of calciunf tartrate and calcite grown in Experimiint MA-028. Some ot 
' the calcium tartrate crystals 1[top) are as long as 5 mjllimeters. The calcite 
(calcium carbonate) crystals (bottom) are about 0.5 millime^^^ 



Questions for Discussion 

(Cleavage Plartes/ Crystal Growth) 



si}: 



15- Crystals of many minerals splu along "cleavage planesV^v NvH 
flat: or:pfif§ilr parallel surfaceS.thafVun straight through the ciyital^^alte^^^ . 
;]tHeloq<^efe6f atoins^Inthe^^^ ^ 
deavage planes ^hin? How (Jo€s tjii^^^ a salt . 

; (NaCl) cryst^?-=; ■- 'r''-'"^^:.;";^-^';^^ ' v^'^";*^? ^ ■ 

16.. Water does hot wet a greased cilp but it does wet an aluminjiim cup, lif .. -. 

you freeze water in both thesei* cups, will the ice stick or come bUt easily? * 

• ' ' . . ' ' ' . "■ . *?^-: ■ 

li^;*?Platinum wire vfas used fo . 

for mdtiiing germanium /Why wasn't a cheapep^\^^ . 

•■ . ■ ■ ' • : ^ -i'r-'-'-'^Kt 

18. Figfliixf 4.3 shows; that the germanium ci^s^:stra;^d,gro 
slowly aftef ihte MA-QIO fiigi^eew'as turned off,.then spe^bflfed up.^ 
.would you expect the' growtft. rate to change when th^r Jast cooldoy/A^. V^^^ 
started later on? ' ; . 



^19. When moist winds bS^across^reezing mountain peaks; long cry stals-, 
of ice form on cold rocks^^cing the winji. Howdoesthisforn>ation of crysta^^ 
from. vapor differ from lExperimeint MA-085? 

20? The MA-085 sealed quartz tubes contained the source material, the 
tiah$port gas^ and the small crystals forrned at the cool end. The tubes went 
thrdughi3-g deceler^ioit^during Apollo reentry and spilashdown, ^sjwell as. 
experiencing considei^jjjc vibration. How might this, treatment affect /he later 
measurements of the mass qtrcji^^ 

. ■■ ' * ' ■■''^^UM - " ' ■ - ■ " r '.. ■ 

21. How might you get the crystals formed from chemical vapor in the = 
MA-085 Experinlent to grow iri one place so that they would form larjger ■ 

-■crystals? ■ ' . ..; . ^y;':^!' .-. » -tt""' 

22. What could be changed ir^fe MA-028 reactor to grow PbS crystals at a - ' ^.^^ 
•faster rate? ■ . ■ . 

23. Crystals formed from cheimical solutions in a gel generally show, 
r structural defects. What could caiise this? ! 

24. -A few sm^ll bubbles (probably air)^ere inadvert^^ . 
M A-028 reactors. They had little effec^^njfiif^iom of crystals, hut their 
mptibns were fallowed on the photograj^feS^eh ev^ 

. be learned from these motions? AV- *'^ ^ > 



Appeiidix/t! 



1 



^ J^cuss^ to CKjie^d 

-J* '(Sec. iDj^j If Jslibhg^ metal fi^^ \vere added to foam in:^nei:^;;:::the::P 
weight oif the fibers would probably collapse the foam . In zero-g, the foM ha^^^^^^ 
.to bear no gravity fotqes, but there is a problenoin dispersing Ibijlfib^rs;^^./ 
throughout the foam. Another possibility is to make foams, of molten metal.^ 
and gas in zerd-g, The solidified metal foam could be a strong stracturiit: 
material' of low density; / - 'i}:-:''-. 

2* (Sejc>i2|^) In zero^ the pil wetting the-ftup will gp^over the top edge 
; and doy/fl/tfie diitsidb: of th^ cup until it cbvers t^^ eritire surface. * 

3* (Sec. 2D) The adhesiverforce betweeif the oil and'the wick fibers^ is , 
Stronger than; the adhesive fdVe- Between the watter^^d the rwick fibei;s.. ) . 

Vv4,'(3ec:3G)One wattis lx&^ . 

Thus,.2X)^. watts for 3 h^^ 2.2\ X 10« joules; During 

cooliii^ iqf 4he ^lA-Ol.Q ^^un?^?^^^^ heatj escaped into thd»' DM- and its 

■ atrnps^herq,.^ ■ ' ; :.' • ;,'•,■■.* ,, ■"• : 




to the coold&^ pecM^r^ pi^irsecoiid ji^^rc^ 

to the teniperatui^v-d^^ ;it^ ^lii^ 

Hence, the cooldoWnitime^^i^ 



6. (Sec: 3G) The 
al end tONvard the he 
in the following experiirients: 



.Ttiistlirectiortal effect wa^ uscJd .• . V 



M A-060i Interface Markings in Ci^aiil^f It^ a Ge fcrystal' 

from the lij^uid. * ' . ' ^ ' V-i,^ ^ : ^ ■ '}■■ 

MA-085, Crystal GroWth Frpm the Yapot Pfiasfe, for the transport of Ge * 
compounds frorij the hot end to tfie cool end of ajjuartz tube .v^-:V: 

MA^OTO. Zerb-g Processing Of Magnetsy f^p^fBediiectio^^ ^ 
of MnBi-Bi eiitectic with MnBi fibers ' , ^ V 

MA-I31/Vlalide Eutectic Growth, for the directional sblidificationrof 
^JaCl-LiF^ytectic;\^^ 

three furnace exp^rlmenls required twqi btthreediff^rem temperatures that 
were uniform throughout each of .two .or three ampbufes, these dij^erent 



'•'•fi; •:. 



ERIC 



«<•• • 



i) ■ 



^•temperatures c^e from t]ie;ttiiiperatur? gradient.and were miade . uniform 
•heait <;phd^c^^ sMjSxi'urtding the > ^ 



^; . N : MA-044, Monbtec^^^^^^^^ used two different teirmera- 

. ; ; tures; ifor:^©^ . ' \ o ' . ^ ■ v .! ■. ' ^ \ ; f 
: ; MA-Y50^;M 

/ melting alum ■ V: 

[\ ^alpne. ' ^ ; ; - .".^ :. ■ ; , 

• * - MA-(M^ SiJif^ two different tem- ^ 

One expe^nqient thatidid not use the i*umiacere(:juired uniform temperature: ; i ^ * 

^ MA-D28 Ciys^l Growth; u - ^ - 

/ required; a cpnstant/ter^ • ' ' ^- . ' ' ■■'^;>,» - ' ^ 

; ''V surrounding the elmpoule in th^' 

' : * :;8v (Sec. 3Q) The MA-01it);i^ . ^ " \ 

. V 10 watts were Ipst at raaximuhi tempc^ratiire. Hence, the ix)werrequir(?d%rr.r^ * vV- v 

• soak. (to maintain the high tem \ ■ ' ■ : . • ' 

■ * ■ .=^'^^(^^,,(Sec. 3G) The vacuum around the three cartridges. in the 'MA-010\ ' , ' y ' 

> ^Ui^iatijph^wjSs; proved i, ' ' ^ • ^ 

rpmmniiig^^ . . ' ; . \ . r 

; gmd'csfeii^'atihe'^ : l' • ■ ■ .• • -.'^ 

10.~|[Sejc/ 3G):pim by thermal / / • ; . . 

' iftotionsiCc^jiwecUonV ; . . ^ - . ^ i 

"\ubiccbntim(et^rjnthe^^i^^^^ . ^ - - v. 1 

: . £UTe 27 amu fo^^ ' 

' \ I. :■[ *12* (Sec. 3G)^Jr^irectic)nal coolingi^orn the cool endt<>the hot end, two. 

• . . f ■jfionisptrppicj sutistanceSi J^MriBi-B^ were ' 

•:ft)rmed^; •■■'i'^v" , :vv;;.-.\ '•/f^^- • 
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^ 13. JSec. 3G)if|ieAu atoms coul(i^J)c VfiX)zen* * in several ampoules at 3;^ 
; . - fi. 9. .1 2 . . . hours after tlieir motion, into the' m^plten Pb*^tafted. Each Of these 
' '^ 'ingots should be ' exactly th^,,j9iiie except Tor the tiitle of Auratom motion! 

Each would be exposed to thd same neOtpn flux, cut and. polished, then . 
. placed on specia(^^otographic plates f0r ^jus; 1 5 minutes. The developed 
plates Vould:shO\A(vt]iVp)»giess of Au atoms t^ugh molten Pb pitB-tipur 
_ -intervals/ ■ . ' ^ ' 

14; "(Sec. 3(S) The purpose of the ^4nBi-Bi eutectic in N4A-b70 w?ts to 
"restrain magnetic domains in the MnBi ilbei:s from tumiri^ away from the 
fiber directi&n.. The length of the domain in the fiber directioin is a few t'imes its . 
width. Hence';^ the MriBi fibers dp rtof n6^i to be lojig, "but they must be 
parallel, /■■•./^f.v . " {'.l^^. . ■ i^^i ■ * ■ ' 

15. (Sec. 4D) If brick^ iiie^ stacked one on top bfiaii^other, there are three 
cleavage planes: upi-down lengthwise, up-down sidewise, and horizontal. 
They are pe'rpendicular to each other and can **cut Out'* a cube of bricks. ? 
Cleavage planes of the NaCl crystal are similar^ and. this type of crystal is 
called cubic' ^ . ^ ! 

• 16. (Sec. 4D) Because water wets ,the aluminum cupj the frozen water 
(ice) will stick. ^]^ter does not wet the greased cup, so tlie ice will come out 
easily. ■ ' t-' 

17,i(Sei;. 4D) Platinum is very nearly inert, chemicaily- If coppier orijron 
or aluminum \y ires had been used as electrical leads,', they might havercon- 
* taminafed.;Ule -growing germanium crys 

is/ (Sec. 4D) Justafter the MA-OTJ fumacc.>vas turtied pff, the cooling 
rate was slow . As the heat conduction ( 1 0. watts) reduced, the heat inside the 
furnace case, the temperature of the cOol end of thexjjW^ dropped Ifaster, 
and more Ge atoms froze out onto the growing crystal every secbnd:*When the . 
fast cooldown started, the.crystal growth rate increased again. - ' 

V'. . V ; * * *■ ' . ^Z' i ■ ■' . / / 

'VW. (Sec. 4D) Water vapor is converted to ice crystals on> cold rocks 
. "^^^ without any chemical change. la Experiment: MA-085, there was a chemical , 
reactid^ between two different gases to form cry^tials of germanium sielenide ■ 
(GeSe) or germapiuflji sulfide, (GeS). . . . ■ ' _ 

20, (Sec. 4DyThe 3-g deceleration and bertial fon^es during vibratior^ 
might tear off parts of the source material (GeSe), \^?hiCh would.be added to 
the GeSe crystals formed at ttie cool end df the tube. Thus, the m^ss of crystals 
loose in the quartz tube might be. higher ttian the mass of <^ryist$l$ formed 
.. during Experiment MA-085. ; J> . • 



4^ 



, ' ■ ' 



* hadbcci^cfip H. 

wouldliave bien^^ .•j*' > 

* : th^ crystals fdmed in ♦ ' \ a '''^ * * ■ A P 

; 22. (Sj^c/4D)Ajjhorter.^^ ; ^ ' 

^, • , vi^yfbighcr temperatu^ would have recjuced the reacifon time lo thatlnore PbS ^ 

\% 'iiyst&is . .4' . . #. * 

f 23. :((S(/cc. 4D)i*he gel^c^^ contariiinaots. When.an odd atopip^' ■ >v * 

' 24. (Sec. 40) In ^acjly zerb-g, .with no thermal gra^ent, a bubble will ' ' ■ 
^ remain in exactlj^ the same, place in a liquid. If the spagscrafticarrying the . * 
< . li(}uid is accelerated in any diipction, the bubbfe * 
' Therefore/thefobseryed^^^^^^ ^ 
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$j|.Uiittft 
pbwiire of 10 
Symbols' 



Itittmational system ($1) Units 

. ' . Names, symbols, and conversion factors of SI units usied in these pamphlets: 
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- Qiumtity 


Nameof unit 


> Symbol 


Convifk^n factor ; ; • 




meter 

#■ • 

' '• ' ' ' . ' ■ 


m ; 


l^km = 0.621 mile ^ ' 
l'm = 3.28 ft • ^ ^ 
1. cm = 0.394^rn. 
- I mm = 0!039in. 
,1 Mm = 3'.9^X 10-» in. = 10* A 
1 nm = 10 A - , ^ 


Mass 


kilogram 


kg 


, 1 tonne = 1.102 tons 
1 kg= 2.201b , 
1 gm = 0.0022 lb = 0.035 oz 
1 mg= 2.20 X 10-«lb= 3.5X lO'Voz 


■.. •■•1/ 

Time.: 0 , 


second 


sec 


1 yr =^ 3.156 x 10^ sec 
1 day - 8.64 X 10* sec 
1 hr= 3600 sec 


Temperature 


kejvin 


■ K -. 


■ ■ s_ ■ • ./ ■ 

, 273 K = 0°C = .32?F- , 
v,373 K,i=' lOO' C = 212"' F . 


Area 


square meter 




' rm« = 10* cm« =10.8 ft* 


, . Volume 

i ' .'■ ■ ^ ■ ■ ■.• 


cubic meter 




1 m' y lp« cm^ '35 ft^ 


Frequenpy 


hertz ' 

•\ , . ■ ' ', ■ ■ . 


, ' •'■ Hz ■ 

V 


/M Hi-^ Lpycle/scc 

i MHz= 10« cycies/scc : ^ 


Density ■ 


: -0 ■ ■ 

l^Ibgram per 
cubic meter 


kg/m';, 


1 kg/m' = Q,00rgm/cm« 
i^gm/cn^' =* density of water % 


Speed, velocity 


. meter per second 


m/sec 


1 Wsec = 3.2^ ft/set 

J km/scc = 2240 mi/hr ^ 


-Force'-- ■ . 


^ewton 


. . N • 


i%= 10^ dynes = €.22^ V ^ 




% ■■ • ■ . 






" • •> »•. . . . ■ . . . 
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t" ' <• " • 

•"^ > • . ■ ' ■ ■ . ' 




Name of unit " 


Symbol 


Cpnvenlon factor 






newton Dertouare - 
meter 


- N/m' 


1 N/m« = 1.45 


lb/in» - 


Enefgy^^ 


joule 


J 


1 J = 0' 239 calorie 




Photon eneigy. 


electron volt . fi^, 


eV;^ 


ixV = 1,60 X 10 " J 


f; 1 J =^ 10* erg 


■ PoWcr 


■watt. ■ 


W 


1 W = 1 J/sec ; . 




/ Atomic mass ^ 

...» ^ ■ 


atomic ma^s. unit 


amu 


1 amu = l,oo X 10 *' 


leg 


Custdiftiry Unit? UsacPWlth the SI Unjts 




' , : i' ■ ■ ■ 




Quantity 


' * ■ .. 
Name of unit 


Syipfwl: 


^^Conver$i6h fsMitor 




-Wavelength of 


angstrom 




1 A - 0.1 nm == 10- 


^0 m 


Acceleration 
of gravity 


■ : .■ 8 . , 




1 g f= 9.8 m/sec* 




■ : *i 
i ■ ■ 


l'-:' ■ : X ' ■ ' - 


■; • - .-i ' 




*■ ' •» 

■; ■ ",■ ■ ■ . ■•■ 
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S1 



0 



ilhltPrwfixM, 



PKfIX 



. tera 
giga 

mega, 
kilo 
hccto 
centi 

micro, 
nanb . 
pico 



Abbreyiation 



Faqfor by which unit 
Vmldtiplled 



T 
G 
M 
k 

h 

c 
m 

/tx 
n, 

..;P 



10»* 

102 
10-^ ' 



It 



- io-« 
io-« 



Powers of 10 




■^7— 






\ T- 


Increasing v 






Decreasing 


' 1'- . 





10» = 100 

ib»,= 1 000 

10^ = 10 000. etc 
Examples: 
2 X 10« = 2000 000 
2 X lb'* = 2 followiid by 30 zeros 



10-^ =1/100 = 0,01 
10-' 1/1000 = AOOl- 
/lO-* == .1/10 000 = 0,000 1. etd 
Exaijiple: 

5,67 X 10-» = 0,000v056 7 
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Glossary V 

References to seqtibns. Appendix A (ans wers to questions), and figures are 
included in the entries; Those in i7a//c type arp the most helpful. . 
adhesive fof^ an attractipri betweenHwo different substances at the" boundary • 

betweeriltfieip; (Sees. 2, 2B, 3D; A^ ; , 

alloy.a un/form mix of two or more metals^hat 1have. tk^^ melted, together. 
. jj(Secs.ip.;>A to 3E; Figs. 3.3, 3.7. 3.8) 

^i^alurnin^in ( Al) a metallic element, atomic weight 26.91;, atomic number 13, . 
\aWhce 3, mfelting point 933 K'(660° Ovdensity 2.7 gcii/icni^. It forms the 
compound AlSb with antimony. (Sees. ID, 3B, 3C, 4,p^App. A, nos. 1 1 , ' 
16, 17; Figs. 1^, 3;4, 3;?) , r 

ampoule a small container in the larger cartridge heatedjin the MA-O^IO.' 
furnace.. Each anipoule contaihed^a sample to be heatbc^,^ then cooled and^- 
retwrrifed to Earth. ^(Secs; .38 to 3E7 App. A, no; 1 3; Figs.^i.i ; 3.4, 3.7, 3.8) ^ 

antimony (Sb) a nietallic element, atomic weight 121 .76, atomic number^ 1 , ; 
valence 3 or 5; malting point 903 K Itfomis 
the compound AlSb with aluminum. (Sees. ID, 3B, 4A; App. A, no. 11; 
Figs. 3.3, 3.4, i;^) 

Apollo-Soy uz a joint from July 15 to July 24, 1975. 
Apollo, the three-man U.S. spacecraft^ consisted of the Command Module 
(CM) connected to thCjigService Module; (iSM) and the Docking Module 
(DM). For 2 days, the DM was attached to Soyuz, the tworman Soviet 
spacecraft. The two spacecraft were'in a circular orbit inclined-5 1.8° to ihe 
Equator, with a 93-minute period, 222 kilometers above the Earth's sur- 
face. See Pamphlet I., 

An chemical symbol for gold. See go»W. . 

bi$muth (Bi) a metallic element, atomic vyeight 209, atomic number 83, . 
valence 3 or 5, melting pointf544 K (27r? C), density 9.8 gni/cm^; (Sees. 
.ID, 3E; App. A, nof. 12,-W; Figs. 3.8, 3.9) 

calcite a common mineral that occurs in many crystal shapes, among them/ 
hexagonal plates; prismsV and rhombohedrons. (Sec..4C; Fig. 4.8)''. 

C9rtridg0.a cylinder 20.5 c^timeters long and 2.1 centimeters in diameter, 
: containing one.or mor^ ampoules filled with material to be heated in' the 
MA-Oip furnace: Three cartridges fit into the furnace together, (Secs..3A 
tp 3F,4A, 4B,/D; App. Ar hos; 5, 7,9, 18; Figs.. 3.1, i.i, 3.4, 3.7, 3:8, 

■%\q^j~4.4^y^ . 

coercive- force th^^agnetic^field strength needed to deniagnetize a perma- 
.^nent'lmpifenet. (Sfec. 3E) : , 

cotieslYie iforce the force at the boundary of a liquid that pulls t^p liquid 
together and causes surface tension. (Sees. 2 , 2B, 3D) - 

Co-Inve^igator a ;scieiiti9t working with the Principal Invj^stigator oi) a 

.: NASA experiment. (Sec.; 1) ^ , 

. -.-^ i ' ' . • . ■ - . 

4^ 




conveiftion material motions m a fluid or gas. In one<g, it isthe up-and<doWn ' ' 

drafts in a fluid heated from below. (Sees: ID, JD, 4; App. A, nos. 9, 10) 
crystal a solid composed of atoms or ions or moleculeslbrranged in a regulat 
repetitive pattern. The shape of a crystal is related to this pattern, Many . 
crystals can be split parallel to der/nite planes determined by this pattern 
^ (cleavage planes). (Sees. IC, ID, 3A; 3G, 3E, 4A to 4D; App. A, nos. 

15, 17 to 23; Figs. 3.7, 4.1 to 4.4, -/.5, 4.6, 4.8) 
demarcation amethod of marking layers of atoms in a crystal by using pulsus f' 

of electric current during the growth of the crystal. (Sec>^i4; Fig. 4,2) 
demonstrations experiments on'Apollo-Soyuz designed to shoNv the effect^ 

of zero-g. (Sees. lA, 3, 2A to 2C) / 
difhisidn the movement of atoms or molecules of one fluid into another fluid; 
Diffusion i$ much slower in solids. (Sees. 3B, JD, 4B, 40; App. A, nos'; 

"io,.22)' , ■ ■; * ■ ." • ■ ■; ; '-^l 

Docking Module; (DM) a special component added to the Applld. spacecraft 
'ii'^' •' so that it could be joined with Soyuz. See Pamphlet I: ' / 5^ 

dofT^ains small volumes of a magnetic ihateri^ that ac't^like ntagp^tic lyiits 
d /^and tend to align with a magnetic field from outside. '(Sec . 3E]rA0^Ai,n<i^^;p^ 
.. 14) ' - '■ ' ?v -i'. '-'- 

doped crystal a crystal with.a small amount of contMiipallil^^^^^ iiystal 
. h2^;iiri)portanJ electrica properties differerij.fr6m {Ijo^&J^^^ 
il^ddV^i^ a^biit^'^ material sU(p:it.i^ i^form'iii^ '-y ; 

euimit ^ l^l^^tyf twp/xrtaterial^^ 
either material alone. When the molten mix solidifies, qne material freeies^:};; 
in a regular pattern throughout the other! (Spcs. /£), 3A,*3F; A^^ 
. 12,^U; Figs. 3.8 to 3.10, 5:72, i Jii ^ ;-v^v;^'^ ' ■ ■ 
fibers Cong threads of one substance runnip| thpi^h ^avmatri'x ^anW^^ 
substance): Fibers can be formed by directional copling of a mplttn iHi^^^ 
(Secs.jt),'' ^r^^T^ ^- ^ . ^ * ...W ^'rAr^,..:^^: :v i; 

. foait) rnany sirhall bubbles of gas i 
^ ' cohesive force). (Sees. 2, 2A, 2D;^|jp." A; iw^^ 

gallium (Ga):a rare metallic elemeht,\atpmic ^<ight 69;7i2,;ato'mic^ 
3.1, valence 2 or 3, melting point 363.K.(i9!8** t); 4€Jnisi^^ 

; ■■ .(Sec. 4A) . :■ ■ ' ; i:^'--^^^^^^^^^^^ 

gel a jellylike substance that offers /litrie resistance, tp li^^^^ 
; prevefits fluid currents and small soli4 particlei'(c|rys^^^^ 
' V(Secs.;4G, 4iD;:App/A,\nO:. 23)*>;;^.■ /\ ^- -K^^^^^^ 
germanium (Ge) a metallic eleinfenrt, atoinic.wejgM.72;6^^^ 
: 32, vklehce 4, rneltingpointl231 K^(^^ 
' semiconductor and forms. crystals that are usedvin el^trpnles;.^ 

/ : ip,3G" 4to4B,4D; App.A,n6s^^nto^^^^ 

^ " ' ■ 




Sees. Jt)^2, 2D, .3E to 30; App. Ai nos, 1 , |4;frgs. 3 .8 Vb ^&i3:0^i^^-.:;fl* 
It) rnany small bubbles of gas in a liqui^ that has jbw ^tfatie^ 



gold (Au) a metallic element, atom weight 197.2, atomic number 79, \ 
: (1063° C); density 19,3 gm/cm^. 

•gr&pliite a form of piire carbon used as a heat conductor in the MA-61O. 

furnace /Its melting poin^^ 3773 K (3500° C); its density 2.3 - ~/ 

giti/cm^; and its heat conductivity about one-fOuith that of coppeh (Se^^^ 
,; /.. 3A,;3D to 3F, 4A; Figs. 3:3, 3.8, 3:10, 4.1) ; • ■ . J ; 

. gitiylty the downward jforce on a mass near the Earthy 
• ■ surfiace/ (Secs^ iC, ID, 2, 3B, 3D; Appv A 

. heHurn (He) a normally ineit gaseous element, atorpic weight 4,002, atornic 

' number2vvalence 0, boiling poinU.25 K (-268,9° C). Heliuni has hig^^ . ... 

thennal conductivity and wds used to cool the MA-OlO funiace 
Ap''*^' '^'8^.3. 1,3.4)' ^ '''' ' 'V^;^. 

uifrared invisible electromagnetic radiation of wavelengths from 0,7 1000 • 
micrometers; longer than visible Vavelengths, (Sec. 3!F) , ^ - , *^ . a^^^*^ *** 

; . Ingot a block of metal solidified from^^ 
• iv -- 3B;^3D;^^^^ 13; Figs. i. 5, -3,6) 

g^r:*.^; f ■ '''"-'^^ ■ . 

iS^J; : :\ ■ \: IeSS;j(t6f)^;^^met^^ element, atomic Ayeight 207.22, ^^tprftki |iu^ 82 " ' • 

; yialejfit^i^^^ V 




Electric Furnace fejtperiment on the Apollo-Soy uz 
. . .V /..^r.- : - - l,3B.to4B,4D;App. A,nos. 4to6, 8tolb, 12, 

.7) ■;■ . - , ■ 

, nos. 6, 
Sees. ID, 

MlfeOifK Alloys Experfment. (Sees. v)lb; SM; 

. ; f Experiment. (Sees. 1 C,4A:i^\ 

X (Sees. lDii£j App. 

■■■'''^Mm ■ ■■" ■■>. ■ 

^ : • ■ ^ *i>^ th^ Vanor Phase Experiment; (Sees. IC, 

4:4, 4.5) 





RJA'isd the Multiple Material Melting joint Experiment. (Sees. fD, iC;. 

App. A, no. 6; Fig. 3.7) r ' : . / y ^ 

magnet a substance wilHI. the p^joperty of attrajting ciAtain other substances. 
Some metals (iron, gobalt, and nickel, for instance) can be magiidtized to 
attract other magneticmetals. (Sees. lD,iE; Figs. 3.8, 3.9) Such a magnet 
has ^Mf^etic y?cW, a region ^un^ it wherc^here are forces on other., 
magnets.' (Sees. K3E) An eleii^c current also,pnfeates a magnetic field,.:^^ 
manganese (Mn) a' magnetic element, atomic weight 54.93; atomic nuryilj^i^;. 
^25; valence 2, 3, 4, 6, or 7; melting point 1493 I^ q 220? G); density 7.4 
giji/cm3. (Sec?s. ID, 3E; App, A, nos. 12, 14^^r^^^^ 
metallurgy ;the study of metals and alloys. (Sees.' 1, fb, 3D) 
MIT Massachusetts Institute of Tech?iology, ^ aniversity in Cambridge, 

Massachusetts. ^ 
MSFC the N'>fSA George C. Marshall Space Flight Center in HuntsvTlle, 

Alabama. ^ .p 

^aCi St^ sodium chloride . ^ ^ y .. ' 1^ 

neu^r^n a hiiclear particle withrar jiass slightly larger 'ffi^n that of a proton 
.^,;=j(ftydtogen ion) but no charge. Sl'iS^ neutrons easily entetthe nucleus of an 
y^ 'atom, usually producing a radioactive isoto{XJ^^)J§ec. 3D) . 
: oersted a unit of miagrietic field strength: 1 oersfe^ i' 79.58 ajtiperes/nrieter. 
-t.; The strength of the Earth's magnetic field at the surface is about 0.5 

oersted. ^ 
ohm a unit of electricial resistance. If a wife has a l-6hm resistance and a 
Uy61t potential difference betweenj its 1 ampere of current will flow 
,^ i:hft)ugh the wire: -i:,^ . W " 

'ohe-g the downward acpeler^^^^ Earth's surface, 9.8 ni/sec^. 

■ In an orbiting spacecrafijj^e^'iyihing is weighU^^^^W (Seqs. I B to 

y ID, 2 to,2B, 3B :t^;3F^: 4lo^4G; App. A^! no^'t^Kgs, 3i5; 3.6, 3! 12, 
;;v;J:13:.4.5) ' -■^^S^/^y^ 
Pb chemical symb<il:;foi' - '^IS > 
polarized ^aves that vibrate*!in.a diefinite pattern. Ordirtajfy! li^ht and infrared 
AVaves are unpolarized; th£?x oscillate in all diiictiohs around the line of 
rsijjht. ''Piane:polarized'' Vav^^^^ in one direction ^(in one pla^^ 

' ; like a clothesline jiggled up .and down only. (Sees. 3F, 4Q 
Principal IflVestigator the individual responsible for a space experiment and 

for repohing the re^^ ' / 

quartz (SiOj) commonly ci^stailine; fusecj^ in factories to form a. transparent 
.^jglasslike substance (siiicaXwith a melting^xjintoR^bout l-973.K (170CrC). 
f^i^cs. 4A, 4B, 4D; App.' A, nos. 20, 21?^Fig>^^..i, 4.4) 
&dioaictiye elements and isotopes whose atoms have unstable nuclei that 
.'*eje?tparticle;5 and emit radiation at a regular but decreasing rate. After one 
**half-life,'- half of the unstable nuclei have completed ejection and be- 
come stable. (Sees. 3D, 3G;App. A, no. 13) ; • 



:rea<^|l a chemical cnange that occurs when twb or more reactantsr are 
mixed, usually in soliilion. (Secs. IG; 2, 2A, 4B, 4C; App. A, nos; 19, 22; 

; Figs.:2. 1 , 4.4) (Npt to.be confuseid >yith phy^ical.i^action— a force-^and 

". reaction ntbtors-Hetslr^eiscribed^ in Pamphlet L) 

reactor a ttanspareiit corttainer for chemickl reaqtarits. The - reactors on 
Appl{^;Soyu2^|ivere photographed as.the feactahts pfoduced ci^stals in the - 
:MA-028 Experiment.^(!sec; 4C; Figs, ^:6, 4.7) . \ . , 

RPI Rensselaer Polylechi^ic Institute, ia university in Troy, New York. 

salt a Comijpound such as NajCl, common table salt, formed from an acid anid. a 
base. (Sees. ID, 3,^3^4; Fig. 3. U) : * ' - V ' 

Sb chemical syrnbbl for anti^nony^ See qnf^^^ /^ • 

selenium (Se) a npnmetallic element; atomic.weight 79,2; atomic numbisr 34; 
; • -Valence 2, 6; melting point493 K (220tG); density 4.'8 gm/crfi^. (v^^p^^^ 
A, no. 20; Figs:^4>^, 4.5) . . ' i^^-v^ 

silicon <Si) a rtcmriiet^lic element, atomic weight 2S.p6, atomic^:aflrt{i^ 14, 
valence 4, melting point 1693 K ( Vbo^ C)! density 3.4 gm/cm^* (Sdcs. l b,:: 

N .•iE,-;3B, 3cy,.. /. 'v; 

a very large space W(>r(c6h6p ihat ^^AS^^^ 
.^^^l>73^ It was visited by thfi^i?' a$tr6j^^^^ on scientific 

)^:}.^xperinients in space.fbr a tfi^tbf .fe^v^^ 84 days.'. 

■ V(Secs:'3r3F,4to4B). ■ •^':;^:V-"^^ \ 
soak in the MA-0 W fiirnace, mati&ria(&-cbiir^ l^ft to ■^'soak'' at the highest 

tbiTiperaturefor as I6n| as 6 hours. (Sets,;3y4 i 3fi to 3D, 4A; App. A, no. 8; 
■;H)gs.'ll -3.2, 3.4,:^.7)/ ^ - Vi''' ■ 
sodiuV chloride (NaCI) common/saltr (Sees. 1D°3P» 4D; App.y\, nos. 12, 

l5;'Fig^3.lO, 3.13) '^j^.'-- ^'^ ''^ Z:- '.' 

r stainles^ st^^^ torrosion-resistaht alloy of iron, chrpmiumi;Jand a trace of 
• carbortHtW 1773 K (1500° C) and was used asthe 

. cartridge casings for.the MArO 10 furnace. (Sees. 2C, 3B; 3F, 48; Figs. 
; 3.3,;3-8, 3.fO) ■ , ■. ; _ ' . 

' surface tension the tendency of a liquid that has a large cohesive force to keep 

its/surface as small as possible, forming, spherical drops. (Sees. ID, 

■■•3p,4A),. ; . : ; 7- ■ 

teniperature gradient the change of temperature per centimeter along 
cartridge jbr a sample, inside it. (Sees. 3E; 3F; App. A, nps. 5, 7, 24; Figs. 

3j, 3;8,.3.,io,4.i:). / \ ; . . ^: . ■■ ; 

tungsten (W) a metallic element, atomic -weight 184.0, atomic number 74,, 
valence 6* melting point 3643 K (3370° C), density. 1^,7 gm/citi^. (Sees. 

V: '-.ID* 3C; Fig.. 3:7) ■, . ■ ■'" ; ■ ■ ' . ' . " / '.. ■ y 
/.vacuum the absence of gas. It is a.relative terrn; inr the"hard" vacuum of 
. space outside Apollo-Soyuz:, there were still about 10® gas:ratonis/cm^. 

■ . (Sees. IC, 3A; App^ A/no/^^^^ » " \ ; ^ - T \. 



Vetero aplastic cloth oftwo types thatstick to each other; One tyj^ has many 
-fine, hooked spines protruding from the surface; the other -type has many 
harrow holes or qrevices in the surface. When the spines are pressed iatoth^ ^ 

, holes, they stick there, (Sec. 1 A) , 

wick a groupj^r braid of thin i^bers t^iat V'su^ks up* V a liguid if the adhesive ; 
force between the fiberand the liquid . is greater than the liquid's cbhes^^ : 
|brce, (Sees, 2;2C, 2D; App, A, no. 3* Fig. 2.3) ; '^^^^ 

vzbro-g the condition of jfree fall on weightlessness. When there.ar^ no^lorc^s 
oh objects in a spacegt^ft, they are 'Mn zerp^-g." (S6cs. 1 , lA Vl B to 1D;2 
to 3, 3B to 3F; App/^y no s. 1, 2, 14;F fes v^:i to 2.3; 3.5v3.6, 3.12, 3. 13, ' o 



•^.s , : • ■}7{;r^V^yijr:'^-- zinc (Zn) a.metallice.letrteht,atomic weight 65.S^ nu^iiber 30; valence : > 

. '^ii' .V • ' t'-':^:!: 2, melting point 6§2ik (419° C);densi^ 7^1 grtl/cm^; (St;c:'^B;'F^^^ 3.3 to - *' 
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. C^f^mics, Plastics, and MetaisM:^^<^^^ 

: ' D :C; Heath (jB6Stoii)» 19^ of spii|ds; 

cbntauns.exccUent'diagr^ 
s t Qtyspfs^^ Holden and Phyllis Singer,; QardeV ' 

A ' CityV^ part of the Science Study SeriesX 

" . de Wlppcd^^^ curriculum; an excpUeftt reference 

i^LA^l-Ji;;!-^^^^^^ practice oif crystallography . . 

'X^)if^ \^ of Astrdnautics by Reginald Turnill, 

'^^r : John bay Co., Inc.' (Kew York). 1971— a well-written glossary^ of: jl lOa ' 
terms, >yith a section on "the next 20 years in space." . : ^ ' 
Metdl^, /l/<?mj,wndi4//oy5 (Vistas of Science No. 9) by Charles Law McCabe 
and Chairles L Bauer, McOraw-rfill Book^Co. , Inc. (New York), 1964r^ 
produced by the National . Science Teachers Association.'* - ■ 
Physics for Society by W. B! Phillips* Addispn Wesley Publishing Co., InL 
(MerricrlVk;'^6aitf<), 1971— covers rdcent advanceS m technology and 
space science. V ^ ^ 

Rendezvous in Space: Apollo-Sbyuz by F. Dennis William^Available with* 
^ out charge from NASA Ediit'ational .Programs DivisiOn/FE, Washington, 
D.C. 20546), 1975 — a popular accoupt of the ApoUoTSoyiiz Test Project, 
including the U.S.-U.S.S.RV agreefnerits. * I 
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